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INTRODUCTION 
This dissertation is the account of a detailed study of 
a hill, or more correctly, half a hill in western Iowa. It 
tells how the surface evolved, how certain soil properties 
are distributed, and how the two are related. It is built 
from the results of several previous studies in southwestern 
Iowa and takes an additional step toward elucidating the re­
lationships and interactions between soils, their genesis, 
and landscape evolution. 
The basic objective was to discover how the soils with­
in a single landscape system are related to each other, both 
through separate effects of geologic and pédologie processes 
and through the interaction between processes of landscape 
evolution and iji situ pedogenesis. Specifically, one objec­
tive was to differentiate between and assess the relative 
importance of geological processes of loess deposition and 
landscape evolution, whose effects are inherited by the system, 
and pedological processes that modify the initial state of the 
system. Another objective was to evaluate the degree of con­
tinuity or discontinuity in the expression of geologic and 
pédologie effects within the soil-landscape system. Associated 
with this objective was the general question of the shape of 
soil-landscape units, for, as the Soil Survey Staff (1951) 
points out, soils are not merely profiles but are also land­
scapes and have shape. A final objective was to consider 
whether these soil-landscape relationships justified recog­
nition of different soils as phases, or whether certain dif­
ferences were more related to pedogenesis and had implica­
tions beyond features significant to man's use and management. 
The general approach to the problem was to examine in 
detail soil properties and their profile distributions through­
out a replicated traverse of relatively closely spaced sites 
on a single hillslope. Data were analyzed through various 
multiple regression models, block-diagram plots, and a prin­
cipal components analysis. Other mathematical models were 
constructed by supplementing the data with a limited number 
of assumptions. Insights gained from each method of examining 
the data were put together and interpreted to suggest answers 
to the questions posed by the objectives. As the primary 
objective was concerned with both geological and pedological 
processes, it is pertinent to review developments of knowledge 
in both geology and soils as it affects this investigation. 
Geological Background 
Kay and Apfel (1929) have discussed in detail the histori­
cal development of knowledge of early Pleistocene geology in 
Iowa. At that time, 5 glacial and 4 interglacial stages had 
been recognized. The glacial stages, from oldest to youngest, 
were Nebraskan, Kansan, Illinoian, lowan, and Wisconsin. 
These were separated by Aftonian, Yarmouth, Sangamon, and 
Peorian interglacial stages, respectively. It was recognized 
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that both the Nebraska» and Kansan glaciers had covered almost 
all of Iowa and had left till deposits ranging in thickness 
from 20 to more than 100 feet. Features of the Kansan drift 
were observed by Kay (19l6b), who concluded that the Yarmouth 
interglacial had been a very long interval during which the 
upper part of the till had been intensely weathered to form a 
gray, tenacious, leached joint clay which he later called 
gumbotil (Kay, 1916a). This weathering product is now recog­
nized as the Yarmouth or Yarmouth-Sangamon paleosol (Ruhe, 
1969). 
Concepts as of 19^3 of Pleistocene geology since the 
Yarmouth interglacial have been summarized by Kay and Graham 
(19^3)• During Illinoian time, only a small area in the south­
eastern corner of Iowa was actually glaciated. In western 
Iowa, in particular at Cut 39 (Ruhe, Daniels, and Cady, I967), 
the Yarmouth paleosol is overlain directly by Loveland loess. 
The Loveland formation was first recognized and named by 
Shimek (I909), who thought that it was of fluviatlle origin. 
Kay (1924) argued in favor of a loessial origin and considered 
its age as late Sangamon (Kay, 1928). Later, Kay (I929) ad­
mitted that in western Iowa the lower portion of Loveland loess 
might be older than late Sangamon. The question appeared to be 
settled in 1950 when Leighton and VJillman (1950) traced it 
across and down the Mississippi River Valley and concluded it 
was deposited during the time of Illinoian glaciation. A soil 
developed in the upper portion of Loveland loess is now 
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recognized as the Sangamon paleosol (Ruhe, I968; I969). Be­
cause the original type location of Loveland loess was de­
stroyed by excavation, a new type location was proposed by 
Daniels and Handy (1959). 
According to the I929 classification (Kay and Apfel, 1929)» 
the Sangamon interglacial was followed by lowan glaciation 
which in turn was followed by the Peorian interglacial. Two 
years later the concept of the Peorian was changed to that of 
an intraglacial episode (Leighton, 1931), and the lowan, 
Peorian, and Wisconsin were all considered as part of a single 
cycle, the Eldoran Epoch (Kay and Leighton, 1933)• lowan 
glaciation did not extend into southwestern Iowa (Kay and 
Graham, 19^3), and the loess that overlies the Sangamon paleo­
sol was supposedly deposited continuously from lowan through 
Peorian and early Wisconsin ages. However, recent work has 
shown that the lowan (hence, by inference, the Peorian) does 
not exist (Ruhe, Dietz, Fenton, and Hall, I968; Ruhe, 19^9). 
All the loess overlying the Sangamon paleosol in western Iowa 
is Wisconsin loess (Ruhe, Daniels, and Cady, 1967; Ruhe, I969). 
In many places, the basal increment of Wisconsin loess 
contains a paleosol whose age has been determined by radio­
carbon dating (Ruhe, Rubin, and Scholtes, 1957)• Leighton 
(1926) first recognized this paleosol in Illinois, though 
he called it a late Sangamon soil. The name Farmdale was 
first used for this soil in 19^+7 (Wascher, Humbert and Cady, 
19^7)» and it was considered to span the time-stratigraphie 
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Interval between 22,000 and 28,000 years before present 
(Frye, Glass, and Wlllman, 1962). In Iowa, the name Farm-
dale has been applied to the basal soil (Ruhe and Scholtes, 
1956; Ruhe, Daniels, and Cady, 1967) even though reported 
dates range from 16,500 to 29,000 years (Ruhe, I968). Be­
cause this interval transgresses all of Farmdale and part of 
Tazewell, or Woodfordian, time, Fenton (I966) and Ruhe (I969) 
recommended dropping the use of Farmdale as a time-stratigraphic 
unit in Iowa. Fenton (I966) proposed the name 'Salt Creek 
paleosol' for the basal soil in Wisconsin loess, as nearly the 
whole range of time transgression occurs in the Salt Creek area. 
Ruhe (1969) would merely refer to the paleosol as a basal soil 
in Wisconsin loess. 
In central Iowa, the loess is buried by Gary till, and 
samples from the vicinity of the loess-till contact have been 
radiocarbon dated at about 14,000 years before present (Ruhe 
and Scholtes, 1956; Ruhe, Rubin, and Scholtes, 1957; Ruhe, 
1969). Taking this date as the time when loess deposition 
ceased, the difference between dates from the basal soil and 
14,000 years indicates that the duration of loess deposition 
was not uniform but ranged at least from 15.000 to 2,500 years. 
In western Iowa, particularly in the region of Cut 39t the 
landscape falls in the category of loess mantled erosional 
topography (Kay and Apfel, I929). Loess is thicker on the 
divides than in the upland waterways (Kay and Apfel, 1929; 
Ruhe, 1954b). The relief is 2 to 2g times greater than the 
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relief on the underlying Kansan drift, due in part to degrada­
tion by stream incision and slope bevelling and in part to 
aggradation by loess deposition on the uplands (Ruhe and 
Scholtes, 1959)' Further characteristics of Wisconsin loess 
will be discussed in a later section. 
Development of the Marshall Series Concept 
When soil survey work began in the United States, the 
major differentiations between series were based on broad geo­
logical regions and on suitability for crop production as 
indicated by soil color (Whitney, 1909)• Of the 13 original 
soil provinces, most of Iowa was included in the glacial and 
loessial province, and the two major series were Marshall, 
which included dark-colored upland soils of the prairie region, 
and Miami, which included light-colored upland soils presently 
or formerly developed under trees (Whitney, I909). When the 
Marshall series was established in I903 in Lyon County, Minne­
sota (Wilder, 1904), it included soils developed from glacial 
till. In fact, the dominant type was loam, Marshall was 
first mapped in Iowa in Story County (Marean and Jones, 190Ub) 
and in Cerro Gordo County (Marean and Jones, 1904a), In both 
counties, loam was the dominant type, and the series included 
all upland soils from hill crests to depressions. 
Early soil surveyors were keen observers and noted, in 
addition to textural differences definitive of soil types, 
variations from place to place in the characteristics of a 
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given type (Marean and Jones, 1904a,b). By 1905 the separa­
tion between loessial soils and till-derived soils had been 
recognized, and the loessial soil area was further subdivided 
into Missouri loess, Southern Iowa loess, and Mississippi loess 
(Stevenson, Christie, and Wilcox, 1905)* At this time, how­
ever, these differences were not indicated in terms of series 
names. Between 1908 and 1912, the Marshall series was re­
stricted to loess-derived soils, and the till-derived soils 
formerly included were classified as the Carrington series 
(Marbut et al., 1913). Marshall silt loam was then restricted 
to nearly level or undulating topography from west-central 
Indiana to central Nebraska and Kansas (Bonsteel, 1911). 
Recognition of different series corresponding to the three 
areas of loess in Iowa came in 1914 and 191-7• The Grundy series 
was proposed in 1914 in Grundy County, Missouri, and estab­
lished by publication of the soil survey report five years later 
(Sweet and Watkins, 1919). It was first mapped in the area 
called Southern Iowa loess in Lee County, Iowa (Davis and Sar, 
1919). In 1917 the Tama series was proposed in Black Hawk 
County, Iowa, for the area of Mississippi loess. It was es­
tablished by publication of that report in 1919 (Tharp and 
Harper, 1919)* Thus the Marshall series came to be restricted 
in Iowa to portions of the area of Missouri loess (Brown, 1936) 
but also occurred in eastern Nebraska, northeastern Kansas, 
and northwestern Missouri (Marbut, 1935)» 
Early in the 1940's, the Monona, Sharpsburg, Ida, and 
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Dow series were proposed^, further narrowing the range in 
characteristics of the Marshall series. According to Riecken 
and Smith (19^9)t the amounts of subsoil clay varied from 20 
to 2f% in Monona, 28 to 35^ in Marshall, and 35 to in 
Sharpsburg. Ida was separated because of its low clay content 
and lower content of nitrogen and available phosphorus, 
Riecken and Smith (19^9) do not discuss the Dow series, but 
early communications indicate that it was separated on the 
basis of gray color and lew fertility^. All of these pro­
posals later were formally established and first used in pub­
lished soil survey reports from Taylor County (Scholtes, 
Smith, and Riecken, 1954), Monona County (White et al., 1959)» 
and Shelby County (Jury, Slusher, and Smith, I961). 
A further refinement of the Marshall series is also 
apparent in the concepts as of 19^9 (Riecken and Smith, 19^9)• 
The Galva, Primghar, and Sac series, which had been proposed 
in 1946 and 194?^, were intended to separate soils in a 
slightly drier climate where there had been less leaching 
(Galva) and soils with till at shallow depths (Primghar and 
Sac). At this writing these series have not been formally 
established, but according to C. S. Fisher (SCS, Ames, Iowa, 
private communication, 19^9), they will appear in the Clay 
County soil survey report (in press), 
^Information from Series Case Files at the Ames, Iowa, 
Soil Survey Office of the Soil Conservation Service, I969. 
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The status of the Marshall series In terms of the ranges 
of Its characteristics has not changed appreciably since 19^9* 
The Marshall soil association area is currently restricted 
to a band in southwestern Iowa that includes about of the 
area of the state (Oschwald et al., I965). The contrast be­
tween this concept and that prevalent when Marshall extended 
from Indiana to Nebraska is very striking indeed. 
Previous Investigations in Southwestern Iowa 
Early soil studies in southwestern Iowa involved regional 
traverses for which a model of soil genesis as a function of 
differences in properties of the loess according to distance 
from its source was assumed. Button's work (19^7, 1950) was 
based on 5 soil profiles in a 170-mile traverse. He used the 
concept of relative effective age proposed in Illinois by 
Smith (1942) and the changes in particle size with distance 
from the Missouri River to account for observed soil differ­
ences, It must be remembered that, at this time, the loess 
was thought to have been deposited, throughout a period of 
55.000 years, with another 25,000 years elapsing since loess 
deposition ceased (Kay, 1931)• Now, largely due to radio­
carbon dating, it has been shown that both the duration of 
and time since loess deposition was much shorter, and the 
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duration of loess deposition was not uniform throughout 
Iowa (Ruhe, 1969). 
The loess thickness model was also used by Ulrich (19^9» 
1950) to study changes in more poorly drained soils along a 
traverse similar to Button's (19^7). Although he did not 
specifically apply the effective age concept to his results, 
he did describe rhetorically certain functional relationships 
between selected properties considered to have genetic sig­
nificance and. loess thickness as indicated by distance from 
its source. Loess thickness data from all these early trav­
erses, plus some supplemental observations, were subsequently 
analyzed by Simonson and Button (195^)t who concluded that the 
equations Smith (1942) had developed in Illinois were generally 
valid, but with local exceptions. 
Details of weathering zonation in Wisconsin loess, cyclic 
events in landscape evolution, and relationships of soils on 
the modern surface to physiographic history began to unfold in 
the 1950*8. This was made possible largely by exposure of 50 
to 60 deep cuts during relocation of the Chicago, Rock Island, 
and Pacific Railroad between Adair and Bentley, Iowa (Ruhe, 
1954afb). Oxidized and leached, oxidized and unleached, and 
unoxidized and unleached weathering zones, which had long been 
recognized in till deposits (see Kay and Apfel, I929) , were 
identified in the loess (Ruhe, 1954a,b). Ruhe (1954a) also 
recognized a deoxidized zone, which was later interpreted as a 
relict feature formed in the past either because of generally 
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poorer drainage on a landscape of lower relief and/or because 
of two paleoclimatic changes toward greater precipitation 
(Ruhe, Prill, and Riecken, 1955)• Where the modern landscape 
truncates deoxidized loess, the soil (Dow)inherits the charac­
teristic gray colors. It is not now poorly drained, however, 
and the color pattern is a relict feature (Ruhe, Prill, and 
Riecken, 1955). Ruhe and Scholtes (1956) attributed the gray 
matrix color to the presence of ferrous iron. Daniels, Simon-
son, and Handy (196I) subsequently showed that the deoxidized 
zone contains very little ferrous iron and that the iron has 
been almost completely segregated into pipestems and concre­
tions, leaving uncoated silt grains that impart a gray color 
to the matrix. 
Interpretation of landscape evolution in southwestern 
Iowa from the evidence exposed in railroad cuts has been dis­
cussed at length by Ruhe, Daniels, and Cady (I967). Sequences 
of paleosols, erosion surfaces marked by stone lines and over­
lain by transported sediments, and. other paleosols developed 
in and beneath the pedisediment, were observed to be systematic 
in their occurrence. It was evident that the modern surface 
bevels weathering zones and in some places exposes formerly 
buried paleosols. The importance of understanding landscape 
history in order to understand and predict the geographical 
distribution of soils was clearly demonstrated. 
As a direct result of the railroad, traverse study, two 
detailed investigations of small watersheds were undertaken. 
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The results from both studies are discussed in the publication 
by Ruhe, Daniels, and Cady (I967). At South Turkey Creek, in 
Adair County, an area of approximately 760 acres was selected 
to "determine the geographic distributions of the geomorphic 
surfaces Identified in the traverse from Bentley to Adair, 
Iowa ..." (Ruhe, Daniels, and Cady, I967, p. 93) and to 
"study . . . the influence of landscape evolution on soil gene­
sis and the relationship between geomorphic surfaces and soil 
geography" (Ruhe, Daniels, and Cady, I967, p. I63). Detailed 
maps of geomorphic surfaces and of soils were made. Seventeen 
sites on different geomorphic surfaces were sampled and analyzed 
to relate differences in physical and chemical properties to 
differences in landscape position. From this work emerged 
papers dealing specifically with geomorphic surfaces (Ruhe, 
1956), stone lines (Ruhe, 1959)t elements of the landscape 
(Ruhe, i960), and alluvial soils (Riecken and Poetsch, i960). 
Daniels (1957) studied an area of about 200 acres adjacent 
to Cut 39 in eastern Pottawattamie County with objectives simi­
lar to those at South Turkey Creek. Though soil geomorphology 
was treated in considerable detail, only six profiles were used 
for soil analyses, and these were located throughout the water­
shed, not connected in a downslope sequence. 
A third local watershed study was conducted in the Thomp­
son Creek area of Harrison County (Daniels, Rubin, and Simon-
son, 1963; Daniels and Jordan, 1966). Here the objectives were 
generally like those in the South Turkey Creek and Cut 39 
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studies with the added goal of examining alluvial chronology 
and gully genesis. Detailed geomorphic and soil maps were 
made, and 16 sites were sampled for soil analyses. Though 
several sites lay along continuous traverses, they were nearly 
all in the same kind of soil, so that detailed relationships 
between soil genesis and landscape evolution were precluded. 
However, the identification of 5 different alluvial deposits 
and their radiocarbon dating added significantly to the under­
standing of age relationships in landscape evolution. 
Having accumulated information on regional and areal 
soil-landscape relationships, the next logical step seemed to 
be a detailed, examination of soil-landscape relationships on 
an even more localized basis. That this might be the case was 
indicated by Kay and Graham (19^3)i who observed in the loess 
of single cuts and local areas variations which may be more 
distinct than general regional trends. Ruhe (1954b) also ob­
served certain local variations in loess thickness and particle 
size and lamented, the lack of detailed studies of soil vari­
ability across primary and secondary divides. The area 
Daniels (1957) studied adjacent to Cut 39 offered a logical 
site for such a study, for it had been identified as a second­
ary divide (Ruhe, 195^b), the weathering zonation was known 
and soil and geomorphic maps were available (Daniels, 1957; 
Ruhe, Daniels, and Cady, I967) , and. a date of 68OO - 300 
years b.p, had. been obtained from the base of the gully fill 
exposed by the railroad cut (Rubin and Seuss, 1956). 
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THE SETTING 
The hillslope studied at the Cut 39 site is representa­
tive of the open system model described by Ruhe and Walker 
(1968), All five slope-profile components are present; 
summit, shoulder, b.ackslope, footslope, and toeslope. 
These elements are expressed in a total planimetric distance 
of 585 feet on a west-facing hillside. The hill is within 
the Marshall soil association area, but it is very close to 
the Monona-Ida-Hamburg border (Oschwald et al., I965). Sur-
ficial soils and weathering zones identified by Daniels (1957) 
are shown in Figure 1, 
Field Studies 
The study area is located within the larger area in­
vestigated by Daniels (1957). Legally it lies in the SE^ of 
Sec, 13, T76N, R41W, Pottawattamie County, Iowa (Fig. 2). 
Specific aspects of location and layout are shown in Figure 3« 
Three traverses, each 50 feet apart and spanning the distance 
from the center of the east summit (Fig. 1) to the center of 
the waterway, were laid out in a direction as nearly orthogonal 
to contours as possible. This resulted in an east-west orienta­
tion. They are located with respect to a north-south fence 
that crosses all three traverses perpendicularly between holes 
4 and 5 (Fig. 3)* Traverse 1 (TIS) crosses this fence 80 feet 
north of the ESE-WNW fence that marks the boundary of the 
Fig. 1. Cross section of the north face of Cut 39, showing surficial soils and 
weathering zones identified by Daniels (1957). This figure is a modified 
composite of larger drawings in his thesis. 
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Fig. 2, General location of the study area in Pottawattamie County, Iowa. 
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railroad right-of-way. All traverses begin at the summit 
l4l feet east of the north-south fence. 
Each traverse consists of l6 sites at 39-foot intervals 
(Fig. 3), the spacing being equal to facilitate the use of 
orthogonal polynomials. The number l6 was chosen somewhat 
arbitrarily and represents a compromise between too many 
sites to analyze in the time available and too few sites to 
adequately portray soil differences known to exist. The re­
sulting study area was a 100 by 585-foot grid of 48 points, 
equal in area to about 1.11 acres. It later turned out that 
even this number of sites was too large to permit complete 
analysis of all samples. Consequently, the center traverse 
was studied in more detail than either TIS or T3N. 
The relative elevation was determined and the soil was 
sampled at each site of the grid. The first (summit) site 
of the center traverse was assigned an arbitrary elevation of 
100.00 feet. Elevations at all other sites were determined 
with a transit and stadia rod in terms of this initial refer­
ence point. The total vertical distance involved was 46.4 
feet. Duplicate cores 1^ inches in diameter were taken at 
each site with a Giddings hydraulic probe. One core pene­
trated to the top of the DU zone or to 9 feet, depending on 
landscape position. After it was described, the upper 76 
inches were subdivided into 19 samples of 4-inch increments. 
The second core penetrated to 4 feet and was subdivided 
immediately into 12 samples of 4-inch Increments. These 
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latter samples were preserved in a field-moist state to mini­
mize alteration of exchangeable K that occurs if subsoil 
samples are dried and rewetted prior to analysis (Hanway, 
Handy, and Scott, I96O). They were later submitted to the 
ISU Soil Testing Laboratory for determination of pH, initial 
nitrate, available P, and available K. These properties were 
measured because of Interest shared by the people concerned 
with interpreting soil test results in the amounts of avail­
able nutrients below the plow layer and the changes that occur 
from one soil to another in the landscape. 
Samples from the first core were dried and ground to pass 
a 2 mm. sieve, taking care to remove and save all concretions 
larger than 2 mm. without crushing them. Eight-ounce glass 
jars with screw caps provided convenient, compact sample stor­
age. Jar labels indicate traverse number, site number, and 
depth increment for each sample. The I6 sites in TIS (Fig. 3) 
have profile numbers P-902.1.1 to P-902.1.16; those in T2 have 
profile numbers P-902,2.1 to P-902.2.16; those in T3N have 
profile numbers P-902.3,1 to P-902.3.I6. These samples were 
used subsequently for analysis of particle size distribution, 
total phosphorus, percent carbonates, percent free iron, and 
percent free manganese. 
The particle size distribution was of interest for two 
reasons. The profile distribution of clay (< 2p) has long 
been considered an indicator of genetic development and is an 
important criterion for soil classification (Soil Survey Staff, 
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i960). The distribution of silt fractions was determined 
to separate the effects of loess sedimentation and/or slope 
wash from pedogenic modifications that contribute to the 
overall soil-landscape distribution of particle size. Total 
P was analyzed because of recent work indicating it is af­
fected by pedogenic processes of eluviation and illuviation 
(Runge, 1963; Dideriksen, I966; Dietz, 196?) and might 
therefore be an important criterion for understanding soil 
genesis and classifying the soils on the hillslo^e. Carbon­
ates were determined to assess the state of leaching in 
different parts of the soil-landscape system. Free iron and 
manganese were of interest because they respond to weathering 
processes of oxidation and reduction that may occur early and 
quite independently of the presence or absence of carbonates. 
Laboratory Methods 
As all soils in the study area are developed in loess or 
loess-derived alluvium, essentially all the material in each 
sample passed the 2 mm. sieve. The only particles larger than 
2 mm. were concretions, and these were not present in all 
samples. For those samples that contained concretions, the 
total weight of concretions and the total weight of material 
smaller than 2 mm. was determined. The weight percentage of 
concretions was then determined from the ratio of the weight 
of concretions to the total weight of the saimple, concretions 
plus fines (< 2 mm.). 
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Particle size distribution of the <2 mm. sample was de­
termined by a modification of the pipette method first pro­
posed in the U.S. by Jennings et al. (1922) and later revised 
by Olmstead et al. (1930) and Kilmer and Alexander (1949). An 
air dry sample weighing about 10.2 grams was placed in a pyrex 
baby bottle, to which was added 100 cc. distilled water, 5 cc. 
\% acetic acid, and 5 to 10 cc. HgOg. The samples were heated 
overnight at 50 to 6o°C. Excess HgOg was then removed by 
vigorous boiling. Ten cc. Calgon-NagCO^ solution were added 
to each bottle, and the suspension was shaken overnight. Then 
the sand { > 6lp.) was removed by wet sieving (250 mesh), and 
the remaining suspension was poured into a 1000 cc. graduated 
cylinder for subsequent pipette analysis. The total weight of 
the sample was determined by withdrawing a sample immediately 
after thorough stirring, and adding to the adjusted weight of 
this sample the weight of sand. Further pipetting of fractions 
in the Wentworth (1922) scale were made at times calculated 
from the nomographs of Tanner and Jackson (1947). Subsequent 
to the analysis, the geometric mean particle size of all 
material larger than clay was calculated. Sand content was so 
low that, for purposes of calculation, all sand was considered 
as very fine sand. 
Total phosphorus was determined by NagCO^ fusion and colori-
metric analysis as outlined by Runge (1963)* 
The percentage by weight of carbonate minerals was deter­
mined by a modification of the acid-neutralization and gravi-
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metric methods for carbonate determination (Allison and Moodie, 
1965). Instead of measuring the weight loss of CO^ and con­
verting to CaCO^ equivalent, the total loss in weight due to 
removal of the cations of the carbonate minerals as well as 
the carbonate anions themselves was measured. In this way 
some allowance was made for the fact that carbonate may be 
present as MgCO^ or CaMg(00^)2 in addition to CaCO^. The 
procedure was; 
(1) Weigh to 4 decimal places about 2 gm. of oven dry 
soil ground to pass a 60 mesh sieve. Put the soil in a 50 ml. 
beaker, 
(2) Add 20 ml, 0.4N HCl. Stir and heat to a gentle boil 
until effervescence ceases, 
(3) Filter the suspension using a 5»5 cm. Buchner funnel 
with Whatman no. 1 paper. Scrub the beaker with a rubber 
policeman and rinse thoroughly. Pass about 250 ml. HgO 
through the soil to remove excess CI" and cations liberated 
by dissolution of carbonates. 
(^) Transfer soil and filter paper to a clean, tared, 
150 ml, beaker. Scrub the funnel with a rubber policeman and 
rinse thoroughly, 
(5) Evaporate to dryness at 105°C. Cool for 1 hour and 
reweigh beakers, 
(6) Make several blank determinations on similar, but 
non-calcareous soils, 
(7) Determine final weight of soil by subtracting from 
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the weight measured in (5) the tare weight of the beaker and 
the average weight of 10 dry filter papers. 
(8) From the blank determinations calculate a correction 
factor as: 
^ „ Init. wt. blank - Final wt. blank v 
C.F. = Init. wt. blank ^ 
(9) If the sample had no concretions >2 mm., calculate 
% carbonates as; 
% Garb. = (inlt. wt.^soll -^Flnal^wt. soil ^  iw), . c.P. 
(10) If the sample had more than 1 gram of concretions, 
a. Determine the % carbonates of the concretions as 
in steps 1 to 9 using 0.5 gram of ground material 
and 25 ml. acid. Use the same C.F. as for non-
concretionary samples, 
b. Calculate % carbonates for the total sample as : 
% Carb. = ibô'^"' ^ ^  carb. of conc.) + 
fines ^  ^  carb. of fines) 
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(11) If the sample had <1 gm. concretions, use as the % 
carbonates of the concretions the average of all values deter­
mined in (10a), and calculate the % carbonates for the total 
sample as in (10b), 
Free Fe and free Mn were determined by atomic absorption 
spectroscopy (Perkin-Elmer, I968) from extracts prepared accord­
ing to Holmgren's (I967) method. The procedure was; 
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(1) Weigh 4.0 gm. soil into a baby bottle. Add 2 gm. 
NagSgO^, 20 gm. sodium citrate, 100 cc, distilled water. 
Shake overnight. 
\2) Bring the volume to nearly 200 cc., add 10 drops of 
0.2^ superfloc, and adjust the volume to 200 cc. Shake for 15 
seconds and allow the suspension to settle for at least g hour. 
(3) For free iron: 
a. Pipette 4 ml. of the supernatant solution into 
a 100 ml.volumetric and dilute to volume. Mix 
thoroughly and save the solution in a 2 oz. 
plastic bottle, 
b. Prepare standards of 2, 4, 8, 12, and 20 ppm. Fe 
from pure iron wire. Be sure that each standard 
solution contains concentrations of NaoS^Oi. and 
Na-citrate equal to those in the 100 ml. volu­
metric . 
c. Make duplicate readings of each sample on the AA 
spectrophotometer. It is necessary to run stand­
ards after every 3 to 5 samples. Convert all 
readings of percent absorption to absorbance 
using appropriate tables (Perkin-Elmer, I968), 
and plot ppm, Fe of the standards vs. the corre­
sponding absorbance. Determine ppm. Fe from ap­
propriate standard curves. Convert to % free 
Fe by multiplying ppm. by 0.125, 
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For free manganese: 
a. Pipette 25 ml. of the supernatant solution into 
a 100 ml.volumetric. Dilute to volume, mix, and 
save in 2 oz. plastic bottles. 
b. Prepare standards of 1, 3, 5, 10, and 15 ppm. Mn 
from pure Mn metal. Be sure to add to each 
standard amounts of Na^SgO^^ and Na-citrate equal 
to the concentrations in the 100 ml. volumetric. 
0. Make duplicate readings on the atomic absorp­
tion spectrophotometer, inserting a standard 
after every 3 to 5 sample readings. Determine 
ppm. Mn from standard curves plotted as a func­
tion of absorbance, and calculate % free Mn as 
ppm. Mn X 0.02. 
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THE LANDSCAPE 
The importance of physiographic history and geomorphic 
evolution of the landscape in the differentiation of a se­
quence of soils from summit to drain has been noted by Milne 
(1936) and emphasized by Ruhe (I96O). Accordingly, these 
aspects of the study area at Cut 39 will be examined in this 
chapter. 
Landscape evolution from Kansan time through Tazewell 
time, when loess deposition ceased, has been discussed pre­
viously. The history at the site of the study area Itself 
can be interpreted from the stratigraphy revealed at Cut 39 
(Daniels, 1957; Ruhe, Daniels, and Cady, 19^7; Fig. 1). 
During the Yarmouth interglacial, a soil, the Yarmouth paleosol, 
developed in Kansan till. Loveland loess buried it during 
Illinoian time, and another soil, the Sangamon paleosol, formed 
in the upper part of the loess during the Sangamon interglacial. 
This paleosol was later buried by Wisconsin loess. Radio­
carbon dates (Ruhe, 19^9) from the basal increment of Wiscon­
sin loess at Bentley (1-1023, 1-1420) and Hancock (W-l4l) 
provide evidence that deposition of Wisconsin loess in this 
area began about 23,250 years ago. The upper increment appar­
ently accumulated at a faster rate, because there is no other 
significant accumulation of organic carbon beneath the present 
surface. However, evidence of short periods of non-deposition 
in slightly thicker loess to the west has been reported by 
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Daniels, Handy, and Simonson (i960). That such pauses might 
have occurred in the area of Cut 39 must be left open as a 
possibility, though the dark bands that Daniels et al. (i960) 
described are not clearly present in this area. 
Evolution of the Modern Surface 
Loess deposition ceased about 14,000 years ago, and 
weathering zones formed shortly thereafter (Ruhe and Scholtes, 
1956). Their positions are independent of faunal zones in­
dicative of stratigraphie zonation. Thus they had to form 
after loess deposition ceased (Ruhe and Scholtes, 1956). At 
Cut 391 weathering zones are parallel to the underlying surface 
of Loveland loess (Ruhe, Daniels, and Cady, I967). Geometric 
mean particle sizes determined in the current study provide 
evidence for micro-strata in the loess (Fig. 4) which are also 
parallel to the Sangamon surface. Both weathering zones and 
particle size strata are bevelled by the modern surface (Fig, 
4). Hence it is younger than 14,000 years. 
Data from this local study permit reconstruction of events 
at the Cut 39 site from 14,000 years to the present. Observa­
tions of depth of fill show that the basal surface underlying 
the alluvial fill has a scalloped form (Fig. 5)• These 
scallops indicate that the landscape evolved through successive 
cycles of erosion and sedimentation. Organic carbon from the 
basal increment of alluvium was sampled from the actual face 
of the railroad cut and radiocarbon dated at 68OO i 300 years 
Fig. 4. Micro-strata of geometric mean particle sizes in 
the loess near Cut 39 
c 
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b.p. (Rubin and Seuss, 1956; Ruhe, Rubin, and Scholtes, 1957). 
Because the date was determined by a SrCO^ conversion (Ruhe, 
1969), and because consistent errors had been noted for some 
other Iowa samples analyzed by this method (Ruhe, I968), there 
was some question as to its validity. The date could not be 
checked by resampling, but a companion sample of Brady soil 
in Nebraska (W-234), originally dated by the same method at 
9160 - 250 years (Rubin and Seuss, 1956), was rerun (W-I676) 
by a different method and dated at 9750 - 300 years^. The 
Cut 39 date is in general agreement with a date from a similar 
2 position in gully fill sediments at Treynor, Iowa , and it 
agrees with dates indicating a major environmental change 
around 5000 to 8OOO years ago (Walker, I966; Ruhe, Daniels, 
and Cady, 1967). With this amount of supporting evidence, the 
date is assumed to be valid. 
The shape of the basal surface beneath alluvium and the 
radiocarbon date suggest that the first landscape modification 
following weathering zone formation was the incision of a deep 
gully during the period 14,000 to 7OOO years ago. The only 
remnant of the final erosion surface formed is the lowermost 
scallop from X = 27 to X = 31 on the coded distance axis shown 
in Figure 5» The actual mode of erosion during this period is 
^R. V, Ruhe, Ames, Iowa. Correspondence. Personal com-
muni oati on. 1969. 
2 R. V. Ruhe and W. H. Allen, Jr., Ames, Iowa. Unpublished 
date of 87^0 - l40 years from sample I-3878. Personal communi­
cation. 1969, 
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unknown, but a hypothetical model of events during gully 
genesis can be constructed by making a few assumptions and 
using some elementary mathematics. 
The first assumption involves the position of the surface 
when loess deposition ceased. Cut 39 actually disects two 
ridges (Fig. 1). As summits are generally considered to have 
been stable since 14,000 years (Ruhe, Daniels, and Cady, 1967), 
and as weathering zones are known to have formed shortly after 
loess deposition ceased, it is assumed that the original land­
scape surface extended from one summit to the other approxi­
mately parallel to the weathering zone surfaces. A projected 
surface was drawn in accord with these assumptions, as shown 
in Figures 1, 4, 6, and 8. 
The second assumption involves the shape of the erosion 
surface at the end of gully cutting about 7000 years ago. As 
the present surface is roughly S-shaped (Fig. 4), the 7000-
year surface was assumed to be also, and a freehand curve was 
drawn from that portion of the surface remaining beneath the 
alluvium upward to the 14,000-year surface. A mathematical 
expression was derived for this surface, and from it certain 
additional relationships that were necessary to derive equa­
tions representing successively older surfaces were calculated. 
The frame of reference used to generate numbers for cal­
culating and plotting model surfaces is Indicated best in 
Figure 8, The X-axis represents planimetric distance from 
the summit, and the I6 sites of the center traverse plus the 
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15 midpoints between them provide a coded scale of 31 units, 
each of which represents 19.5 feet of actual distance. The 
Y-axis represents relative elevation, and each unit represents 
a vertical distance of one foot. 
Further assumptions necessary to calculate all the model 
surfaces were: 
(a) Erosion began l4,000 years ago and cut toward an 
initial base level that remained constant through­
out the entire gully cutting period. 
(b) Each surface has cubic form and is symmetric. A 
cubic model expresses a form that has a maximum (the 
summit), a minimum (the toeslope), and an interven­
ing inflection point (in the backslope). The model 
2 3 
equation is Y = a + bx + cx + dx^. Symmetry implies 
that the inflection point of each curve lies at a 
point halfway between the extreme x-values of that 
curve. 
(c) The relationship between lateral slope recession along 
the projected surface of 14,000 years ago and verti­
cal cutting from that surface to the base is such 
that lateral recession of ^  times the remaining hori­
zontal distance is accompanied by vertical cutting of 
2 times the remaining vertical distance. The 
initial value of x is taken as 10, and it decreases 
by unit increments. This relationship is based on 
the notion that, in the early stages of erosion. 
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downcutting proceeded at a faster rate than back-
wearing. As the distance from the projected 14,000-
year surface to the gully base is known, it only re­
mains to specify the position where the 7000-year 
surface meets the 14,000-year surface to determine 
the total lateral distance. 
(d) The ratio of the difference in elevation between the 
local origin of each curve and a point at 1/10 of the 
horizontal distance spanned by each curve to the total 
vertical elevation difference spanned by each curve 
is a constant. 
The freehand sketch of the 7000-year surface met the 
14,000-year surface at point 21 on the X-axis (Figs, 6 and 8), 
The relative elevation at this point is 88,0 feet. At the other 
end of the curve, where X = 31» Y = 40.1 feet, A known eleva­
tion at hole 14 (X = 27, Y = 57.1) and the symmetry condition 
provided 4 relationships which permitted solution of the model 
to determine the constants a, b, c, and d for the 7000-year 
surface. The equation is: 
Y = -1292.225 + 170.4625% - 6.825x2 + 0.0875x3. 
With the model for the basal surface complete, the rela­
tionship in assumption (c) was computed, providing for succes­
sive curves two pairs of (X,Y) coordinates, the end members. 
The ratio specified in assumption (d) was calculated to provide 
a third pair of coordinates, and the symmetry condition again 
completed the set of relationships necessary to compute the 
Fig. 6. Shapes of successive erosion surfaces calculated according to a gully 
erosion model at the Cut 39 site during the Interval from 14,000 to 
7000 years before present 
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constants of equations that represent surfaces "between the 
center of the valley, where erosion began, and the end product, 
the 7000-year surface. Parameters of the equations are listed 
in Table 1 and their associated curves are shown in Figure 6. 
The curves shown in Figure 6 were computed from and drawn 
to local origins at equal intervals along the X-axis. They do 
not represent equal time intervals during the assumed 7000-
year span of erosion. With the aid of the calculus, however, 
a date was computed for each of the model surfaces. The area 
bounded by any pair of model erosion surfaces, the 14,000-year 
surface, and a vertical line at X = 31 from the 14,000-year 
surface to the base of the fill was computed by integration. 
A straight line relationship between adjacent points on the 
14,000-year surface was assumed. After all individual areas 
were determined, the total area of cut was found by summation, 
and each successive area from the origin of erosion was ex­
pressed as a percentage of the total. The number of years re­
quired for each successive interval of cutting was then cal­
culated by multiplying the percentage eroded by 7000. These 
results were subtracted from 14,000 to yield assumed absolute 
dates for each curve, as shown in Table 1 and Figure 6, 
With some time control established, various parameters of 
the model equations can be examined with respect to time, al­
though any such relationships are dependent on the assumptions 
that preceded them. Most interesting is the relationship be­
tween the slope at the inflection point and time (Fig. 7). 
Table 1. Parameters of equations representing erosion surfaces at the Cut 39 
study area, Tazewell to Recent 
Years 
"before 
present a b c d 
Slope 
at inf. 
point 
13869 
13505 
12956 
12245 
11417 
10522 
9593 
8656 
7778 
7000 
-397831.03117 
- 90656.620004 
- 36885.642016 
- 18743.5396685 
- 10700.155625 
- 6572.849900 
- 4221.620712 
- 2796.538051 
- 1887.968072 
- 1292.225000 
39161.36049 
9094.696800 
3779.28498 
1966.2186555 
1152.5046875 
729.377821 
484.648035 
333.841971 
235.911666 
170.462500 
-1284.335907 
- 303.51564 
- 128.465007 
- 68.1457515 
- 40.7728125 
- 26.371548 
- 17.93286 
- 12.660381 
9.184317 
6.825000 
14.036458 
3.372396 
1.451582 
0.7832845 
0.476875 
0.313947 
0.217368 
0.156301 
0.115526 
0.087500 
-11.209 
-10.772 
-10.433 
-10.008 
- 9.520 
- 9.026 
- 8.506 
- 7.988 
- 7,473 
- 6.988 
2000 54,448435 10.4590126 0.675523 0.0106546 - 3.817 
1800 110.6614196 1.7663579 0.2861037 0.0053884 - 3.297 
250 98.123861 1.0735307 0.1748307 0.0030566 - 2.260 
15 
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FIG. 7. SLOPE AT INFLECTION POINT VS. TIME FOR THE LANDSCAPE EVOLUTION 
MODEL FROM 14,000 YEARS TO 7,000 YEARS B.R 
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This parameter most nearly represents the slope of the linear 
portion of each curve, hence the gradient of the backslope at 
any given time. Mathematically, this parameter increases from 
large negative values to smaller negative values at a constant 
rate. The interpretation is that the gradient of the back-
slope decreases at a constant rate. 
Having completed this academic exercise, it is painfully 
obvious that the hypothetical model can be no better than the 
assumptions upon which it was based. Therefore, the model does 
not necessarily represent what actually transpired at the site 
during the time in question, nor is it free from theoretical 
error. The exercise has, however, illustrated what can be 
done in the realm of model building provided the appropriate 
facts or theory are available, and it has demonstrated where 
current gaps in both theory and fact exist. 
Whatever the mechanism and sequence of events may have 
been during the first 7000 years since loess deposition ceased, 
it appears that a major change took place in the vicinity of 
Cut 39 about 7000 years ago. The initial cycle of gully cut­
ting ended, and a new cycle of erosion on the hillslope and 
alluviation in the gully began. Concurrent with this change 
in the mode of erosion, the vegetation shifted from dominantly 
forest to dominantly prairie (Ruhe, Daniels, and Cady, I967). 
These changes were regional in extent, being repeated near 
Greenfield (Ruhe, Daniels, and Cady, 19^7) and Colo (Walker, 
1966), though reported dates range from 5000 years before 
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present (Ruhe and Scholtes, 1956) to over 8000 years ago 
(Walker, I966), The trigger was probably a climatic change 
toward an environment more favorable for grasses (or less 
favorable for trees). Yet the hillslopes were not completely 
stabilized and continued to be eroded. However, not all the 
eroded material was removed from the system, and the former 
gully began to fill with alluvium. 
The configuration of the surface at the base of the 
alluvium (Fig. 5) suggests that not one but three episodes of 
cutting and filling have occurred since the end of the initial 
gully cutting cycle. The first cycle is marked by the remnant 
at the base of the alluvium between points 25 and 2? in Figure 
5. Evidence of the second cycle remains between points 22 and 
25. Projections of these remnants into the fill indicate the 
amount of alluviation during each cycle. The modern surface 
represents the expression of effects of tue most recent cycle. 
Three cycles of alluviation were also identified in the Thomp­
son Creek Area of Harrison County, all ending within the last 
2000 years (Daniels, Rubin and Simonson, 19^3; Daniels and 
Jordan, I966). These cycles were radiocarbon dated to establish 
absolute time control for the duration of each cycle. Measure­
ments of the amount of fill were used to calculate rates of 
erosion and sedimentation during each interval. 
At the Cut 39 site, evidence of cyclic deposition was not 
present within the alluvium itself. Further refinement of the 
effects of these cyclic events was inferred by developing and 
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analyzing a model based on Dietz's (I967, Pig. 31) concept 
of sedimentary relationships in a side-valley watershed and 
the radiocarbon dates from Thompson Creek. The same frame of 
reference used previously for the gully cutting model was used 
to calculate model surfaces from 7000 years to the present. 
The model begins with the assumed landscape 70OO years 
ago, for which a mathematical expression has already been cal­
culated (Table 1; Figs, 6 and 8). It ends with the present 
landscape which is assumed to represent the final modification 
due to the most recent erosion cycle. An equation for this 
latter surface was calculated using orthogonal polynomials 
(Anderson and Houseman, 19^2) on the known elevations for the 
16 sites and the interpolated elevations of the 15 midpoints 
between sites of T2. Sketched curves representing the 2000-
year and 1800-year surfaces were projected into the fill 
(Fig. 5) and upward to the assumed 14,000-year surface. For 
these two curves the coordinates of the intersection with the 
14,000-year surface, the elevation at hole I6 (X = 31)» and 
the coordinates of the two known points on each remnant sur­
face provided four relationships necessary to calculate a 
cubic, though not necessarily symmetric, equation. Constants 
of the three equations that describe the end results of the 
three erosion cycles since 7OOO years ago are shown in Table 1. 
Corresponding plotted curves are shown in Figure 8. The pic­
torial model is similar to the one proposed by Dietz (I967) 
and has the added feature of mathematical description. 
Fig. 8, Positions of successive landscape surfaces predicted from a model of 
landscape evolution at the Cut 39 site for the period 7000 years ago 
to 250 years ago 
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The amounts and rates of erosion and sedimentation during 
each cycle were calculated from the model equations. This was 
done by integrating between successive curves, with limits pro­
vided by intersections with the 14,000-year boundary surface, 
the surface immediately older than the one in question, and 
the vertical line at the center of the gully fill (X = 31)• 
For example, between the 7000- and 2000-year surfaces, the 
area of cut was determined by integrating between the 2000-
year surface and the 14,000-year surface from X = l6 to X = 21 
and between the 2000-year surface and the 7000-year surface 
from X = 21 to X = 27.8 (see Pig. 8), The area of fill was 
determined from the latter integral between limits of X = 27.8 
and X = 31. All such areas were calculated in terms of the X-
scale used to compute the curves ; but as each X-unit represents 
19.5 feet of land surface, and as each Y-unit equals 1 foot of 
relative elevation, then each calculated square unit equals 
19.5 square feet of nature. These areas can be converted to 
volume measures simply by assuming a unit distance in a dimen­
sion perpendicular to the plane of the paper. Thus calculated 
areas, when multiplied by 19.5» represent the number of cubic 
feet of earth eroded or deposited from a strip of landscape one 
foot wide in the vicinity of T2. No further assumptions con­
cerning the bulk densities of hillslope material and alluvium 
(Daniels and Jordan, 1966) are necessary. The results of all 
such calculations are shown in Table 2. 
Considerable landscape modification took place during the 
Table 2, Amounts and rates of erosion and sedimentation from a unit width of the 
landscape in the vicinity of the center traverse at the Cut 39 study 
area from 7000 years ago to 250 years ago 
% Rates, ft^/lOO 
Increment Vol, eroded Vol. of fill Differences down valley years 
of time (cu, ft.) (cu. ft.) (cu. ft.) transport Cut Fill 
7000-2000 2014,028 286.246 1727.782 85.79 40.3 5.7 
2000-1800 663.506 276.229 387.277 58.37 331.8 138.1 
1800- 250 862,238 605.615 256.623 29.76 55.6 39.1 
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5000-year span of the first cycle that ended about 2000 years 
ago. The amount of erosion was substantial, a fact that is in 
general agreement with Walker's (I966) evidence that, in a 
closed system, the largest amount of hillslope erosion occurred 
during a 5000-year interval between 8OOO and 3000 years ago. 
However, the rate of erosion was relatively slow, and the rate 
of alluviation was even slower. In fact, the rate of deposi­
tion represents an average over the entire 5000-year interval. 
Prior to this time all eroded material left the system. It is 
very probable that the initial decrease in down-valley trans­
port was infinitesimal and gradually progressed through time 
to a figure somewhat less than 86^ by 2000 years ago. This 
initial rate of gully filling was apparently slow enough to 
allow accumulation of organic carbon in the basal alluvial 
increment. Such a process may account for the formation of the 
relatively carbon-rich zone exposed in the north face of Cut 39 
from which a sample was collected and dated at 6800 - 300 years. 
A second cut and fill cycle began about 2000 years ago. 
This cycle corresponds to the Hatcher interval in Thompson 
Creek (Daniels, Rubin, and Simonson, 19^3) during which the 
erosion rate, as calculated from measured volumes of fill, was 
the highest. Under the assumptions of the model used to de­
termine rates of erosion at the Cut 39 site, there is good 
qualitative agreement with respect to occurrence of high ero­
sion rates during this Interval. According to the model, how­
ever, the amount of erosion and landscape modification was the 
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least of all the cycles, not the greatest, as indicated by 
Daniels and Jordan (I966), Note also that the average amount 
of down-valley transport had decreased to 58^. The rate of 
gully filling was apparently too rapid to permit organic car­
bon to accumulate. 
A final episode of erosion and deposition molded the 
land surface very nearly into its present shape. The rate of 
erosion was comparable to that of the first cycle, but the 
rate of gully filling, though much slower than the previous 
cycle, was apparently too fast to permit significant accumula­
tion of organic matter. Down-valley transport again decreased, 
a further step in the gradual reduction in amount of sediment 
moved out of the system. Whether this cycle actually ended 
250 years ago and was succeeded by another cycle or was followed 
by stabilization of the surface cannot be determined from the 
stratigraphie record. The landscape has probably been modified 
by post-cultural erosion,as the vegetative cover has been quite 
discontinuous. Yet there is no physical evidence of post-
cultural alluvium of the kind described by Daniels and Jordan 
(1966). It seems fair to conclude that portions of the present 
landscape are no older than 250 years, and they may be even 
younger. 
Throughout the history of landscape evolution, a pattern 
of cyclic events occurred again and again. At first there 
were cycles of glacial deposition and In^^rglaclal erosion and 
soil development. More recently, cycles of landscape stability 
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and instability were evident. The sequence of events since 
14,000 years ago (Pig. 8) is in accord with the theorems and 
corollaries of landscape evolution postulated by Ruhe (Ruhe, 
Daniels, and Cady, I967). In particular, the manner of slope 
recession was dominantly one of backwearing, or pediplanation, 
rather than downwearing, or peneplanation. The summit re­
mained essentially stable throughout. Weathering zones and 
particle size strata were truncated progressively upward by 
concave erosion surfaces. Each new cycle caused stripping of 
weathering products formed on old surfaces, exposing fresh sur­
faces to the atmosphere. The present surface is a complex of 
varying ages, and the soils beneath it are a complex of differ­
ent materials exposed and varying lengths of interaction time 
between internal processes of soil genesis and external modi­
fications of surficial form. 
Elements of the Modern Surface 
The uppermost element, the summit, is represented in the 
center traverse by holes 1 to 3» Taking as the boundary the 
point where the gradient exceeds 2.0/^, the summit and shoulder 
meet about 9 feet downslope from hole 3. The amount of land­
scape in this element is 87 feet, and the entire summit is 
about 175 feet wide. It appears that downwearing of the summit 
by intersection of erosion surfaces from opposite sides has 
just begun or is Just beginning. Ruhe et al. (196?) place 
limits of 140 feet to 480 feet on the range of summit widths 
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within which at some critical value runoff exceeds infiltra­
tion and erosion dominates. Evidence from this summit in­
dicates that the critical limit may be at about 200 feet. 
The age of the summit is taken as l4,000 years, as it 
has been essentially stable since the end of Tazewell loess 
deposition. A minor modification has taken place, however. 
Analysis of geometric means of the silt and very fine sand 
indicated finer textures at hole 2 than at either hole 1 or 
hole 3» The explanation is apparent in Figure 4. The initial 
14,000-year surface must have had a local swale which was sub­
sequently filled with finer sediments derived from slightly 
higher elevations. That such local transport can occur in 
landscape evolution has been noted by Ruhe et al. (I967). 
The shoulder element is represented by holes 4 to 7 and 
extends only a short distance beyond hole ?• The dominant 
feature is convex curvature ranging in slope gradient from 
2 to 10^. There is a post-cultural modification due to the 
fence that crosses all three traverses perpendicularly 24 
feet downslope from hole 4, Overthickening has occurred on 
both sides of the fence, but it is more pronounced at hole 5 
than at hole 4. As such, this is diametrically opposed to ob­
servations made by Daniels and JordaQ (I966), but the reason 
may be that hole 5 is 9 feet closer to the fence than hole 4. 
The age of the shoulder cannot be specified exactly. 
The surface itself is probably 250 years old, or less, but in 
the underlying soils a more complex situation exists. Based 
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on the model of landscape evolution pictured in Figure 8, 
this portion of the 14,000-year surface was essentially 
stable until only I8OO years ago. Processes of soil devel­
opment were not interrupted prior to that time. During the 
interval since iBOO years, a wedge-shaped block of material 
has been stripped off(see Fig. 8). On the lower part of the 
shoulder (holes 6 and 7), most or all of the effects of prior 
soil genesis were removed, allowing a new cycle to start in 
relatively fresh material. Near the top of the shoulder, 
only a small increment was removed, so that the cycle of soil 
genesis that began 250 years ago is apparently operating 
within the middle and lower portions of soils developed between 
14,000 and I8OO years ago. 
The backslope, represented by holes 8 to 12, is strik­
ingly linear, though in detail it is slightly curvate. It 
appears to be a pediment surface overlain by about 20 inches 
of transported sediment. There is no stone line, as the entire 
hill is nearly homogeneous in particle size. Instead the pedi­
ment is marked by the upper limit of calcareous loess, which 
almost exactly parallels the present surfape throughout the 
entire reach of the backslope (Fig. 21), The overlying materi­
al shows evidence of some differential sorting (Table 19) and 
is therefore considered transported sediment rather than loess 
in place. Sufficient material has been eroded from the upper 
portion of the backslope to remove previous weathering products 
(Fig. 8); the date is assumed to be 250 years or less for both 
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the surface and the soils. Between holes 10 and 13 the present 
surface intersects two previous surfaces and merges with foot-
slope alluvium. Here also the present surface is apparently 
250 years old, but the soils may have inherited some charac­
teristics developed during an earlier cycle. 
The footslope is a concave element running from hole 13 
to midway between holes 15 and I6, The upper portion is a 
continuation of the transition from lower backslope where 
pedisediment and fill merge. Further downslope the alluvium 
thickens, and the surface is probably no more than 250 years 
old, as are the soils beneath it. 
The toeslope is essentially the center of the waterway 
and as such has little lateral extent. Again the surface and 
associated soil may be about 25O years old. However, soil age 
is complicated by gradual accumulation of material and by se­
lective down-valley removal of sediments derived from the hill-
slope above. Furthermore, it is in lower footslope and toe-
slope positions that post-cultural alluvium may have accumu­
lated. These effects make the footslope-toeslope soil age 
relationships almost as complex as those on the upper shoulder. 
The landscape surface can be quantitatively described by 
calculating a relationship between Y, the relative elevation, 
and X, the downslope distance from summit. Numbers so produced 
depend on the initial model assumed. There is no basis in 
theory that suggests what mathematical model is appropriate. 
On the other hand there is no theory to suggest that any model 
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could or should be rejected. The situation requires choosing 
a model, fitting it to the data, and accepting or rejecting it 
according to a judgment of its desirable or undesirable 
c haracteristies. 
A convenient choice is a polynomial model in X, the dis­
tance, for it is easy to compute by least squares regression, 
particularly by the method of orthogonal polynomials. It has 
been shown that models up to and including the third degree 
are quite adequate for describing trends (Walker, Hall, and 
Protz, 1968b; Oldham and Sutherland, 1955); higher powers in 
the model account mainly for local variations. Thus a cubic 
model is a reasonable choice. Fitting the model produces the 
constants shown for the 250-year surface in Table 1, in which 
the distance has been coded for easy calculation. After un-
coding, the equation relating elevation to actual distance 
(D) is: 
Y = 99.0256176 + 0.03759I7D - 0.000^356630^ + 4.12225xlO"?D3. 
The model fits the data very well (R^ = .99) and has 
several desirable characteristics. It indicates a zone of 
convexity—the summit and shoulder, and a zone of concavity— 
the footslope and toeslope. The inflection point of the model 
falls within the nearly linear portion representing the back-
slope, and the slope at the inflection point of the model is an 
indicator of backslope gradient. On the other side of the 
ledger are several undesirable characteristics. Most notable 
are the displacement of the calculated summit from the true 
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summit and of the calculated inflection point from the true 
inflection point. The reason may be due to choice of an im­
proper model or to local variations. In this case, the fit 
can be improved slightly with respect to these discrepancies 
by adding higher powers to the model. 
Other difficulties arise because no physical significance 
can be attached to the constants of an additive model in which 
the 'independent' variables are highly correlated. The con­
stants could even change drastically with a slight change in 
hillslope form. Thus the equation fitted to a given set of 
data may not necessarily have the same constants as an equation 
fitted to data from a similar-looking hillslope. Its use as 
a prediction equation may be limited. Nevertheless, the form 
of the equation is probably valid on a regional basis. That 
is, it is very likely that the relationship between elevation 
and downslope distance can be expressed quite satisfactorily 
by a cubic polynomial for the majority of hillslopes in south­
western Iowa. 
Similar arguments for and against quantitative description 
of the landscape hold for the three-dimensional case, where 
elevation is expressed as a function of downslope distance (L) 
and across-slope distance (W). An appropriate model is cubic 
in L and linear in W, since all 3 traverses are essentially 
replicates and are orthogonal to contours. The fitted equation 
is; 
Y = 99.343 + 0.0339L - 0.0004271^ ^  4.09xl0"V - 0.0005002W, 
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where L and W are actual distances in feet, using hole number 
1 of TIS as the origin. The is .998. Again the equation 
may be restricted for prediction purposes, but its form and 
characteristics are useful in describing the regional trend 
for linear hillslopes descending from convex summits toward 
concave footslopes in southwestern Iowa. 
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SOIL-LANDSCAPE DISTRIBUTIONS OF 
CHEMICAL AND PHYSICAL PROPERTIES 
From detailed examination of the landscape surface, the 
next step is to add another dimension, depth beneath the 
surface, and examine the way in which soil properties change 
both with depth and with distance from the summit. Two kinds 
of properties are of interest. The first includes character­
istics expressed by a single number, e.g., depth to mottles 
or thickness of the A horizon. Distributions of these prop­
erties are described by multiple regressions on selected land­
scape parameters. The second group includes properties whose 
depth distributions within a profile are known through analyses 
of consecutive samples at 4-lnoh Increments. Soil-landscape 
distributions of these properties are shoTm. in block-diagram 
maps of the data. Raw data from which these and all subse­
quent calculations and plots were made are tabulated in 
Appendix B. 
Uni-valued Profile Characteristics 
Recent studies in which distributions of selected soil 
properties and/or landscape features were quantified have been 
conducted by Troeh (1964), Ruhe (I967), and Walker, Hall, and 
Protz (1968a,b). Troeh (1964) described certain landscapes 
with parabaloids of revolution and related soil drainage to the 
resulting models. Ruhe (I967) used both linear and non-linear 
models to fit curves to data that quantify certain slope forms. 
6l 
Walker, Hall, an(% Protz (1968b) fitted orthogonal polynomials 
in length and width, the axes of a grid superimposed on the 
landscape, to observed values of soil parameters. They con­
sidered the equations generated as adequate to portray trends, 
even though the constants applied only to the specific land­
scapes studied. Multiple regression models were used by 
Walker, Hall, and Protz (1968a) to express selected soil prop­
erties as functions of landform parameters. These last two 
studies most nearly approach a quantified study of local soil-
landscape relationships in western Iowa, though they were re­
stricted to the upper portion of a soil-landscape system and 
included only a few soil properties. The methods Walker, Hall, 
and Protz (1968a,b) used form the basis for the following 
analysis of the data obtained from the soil-landscape system 
at the Cut 39 site. 
Many of the polynomial trend equations generated by 
Walker, Hall, and Protz (1968b) had values less than 0.5« 
For this reason, polynomial models are considered inappropriate 
for quantifying soil-landscape distributions at Cut 39» Not 
only do they leave a large amount of variability unexplained, 
but there is a real danger that, by the very nature of the least 
squares method, inadequacies of the kind discussed for the cubic 
landscape model could be so serious as to transmit false informa­
tion. Multiple regression models using several parameters of 
landscape position and form (Walker, Hall, and Protz, 1968a) 
appear to be more desirable. Such models indicate what portion 
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of the variability in soil characteristics is related to 
position in the landscape and characteristics of the surface 
such as gradient and curvature. 
Landscape position was specified by coordinates of down-
slope distance (L) and across-slope distance (W) from an origin 
at the summit hole of TIS (see Fig. 3)• In the calculations 
that follow, these coordinates represent coded distances, and 
they range from 1 to l6 for L and from 1 to 3 for W (see Fig. 
3). Each coded unit of length represents 39 feet of actual 
distance starting from 0 at the summit. Each coded unit of 
width represents 50 feet of actual distance starting from 0 
at TIS. 
Parameters of landscape form calculated for each of the 
48 grid points were elevation (E), gradient (G), and curvature ; 
• I 
(C), The gradients of points at both ends of all 3 traverses 
were taken as 0.00^. All others were calculated as the average 
of gradients above and below a point. Curvature was calculated 
as the ratio of gradient above to gradient below. Soil prop­
erties selected were chosen because of their importance in 
field mapping and as indicator criteria for soil genesis and 
taxonomy. They are; thickness of the A horizon (A), thick­
ness of the mollic epipedon (Mol)—based on moist color only, 
depth to mottles (Mot), depth to 20^  mottles {20%), maximum pH 
(Max), and minimum pH (Min). The complete correlation matrix 
for all soil and landscape parameters is shown in Table 3» In 
the upper left portion are correlations among landscape 
Table 3» Correlation matrix for uni-valued soil parameters and landscape param­
eters, all three traverses (see text, page 62, for definitions of 
symbols that identify rows and columns) 
Max Min 
L W G C E A Mol Mot 20% pH pH 
L 1.00 
W 0.00 1.00 
G 0.37 0.05 1.00 
C 0.34 -0.14 -0.07 1.00 
E -0.98 -0.00 -0.29 -0.36 1.00 
A 0.12 -0.18 -0.47 0.09 -0.13 1.00 
Hoi 0.45 -0.13 -0.39 0.22 -0.47 0.72 1.00 
Mot 0.45 —0.18 -0.55 0.32 -0.47 0.71 0.88 1.00 
20% 0.48 0.02 -0.49 0.38 -0.51 0.62 0.85 0.89 1.00 
Max 0.12 0.11 0.69 -0.14 -0.10 -0.76 —0 « 60 -0.67 -0.64 1.00 
Min 0.51 0.15 0.63 0.08 -0.46 -0.36 -0.12 —0.18 —0.10 0.60 
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parameters; in the lower right portion are correlations 
among soil parameters; in the lower left portion are corre­
lations "between soil parameters and landscape parameters. 
Consider the correlations associated with the landscape 
parameter width. Width and length are entirely independent of 
each other because they represent perpendicular axes. As the 
traverses were intended to be replicates, the value of any 
soil or landscape property at a given point in one traverse 
should be duplicated at the same point in other traverses. 
Thus all properties should be independent of slope width. 
The truth of this statement may be tested statistically by 
hypothesizing that the correlation coefficient between width 
and each soil parameter is equal to zero. This is a t-test 
with 46 degrees of freedom for which a value of r = ±0,24 
would be necessary for significance at the 10% level. As none 
of the soil parameters correlate this highly with width, the 
hypothesis can be accepted for each of them, and there is rea­
sonable evidence that the traverses are indeed replicates with­
in the limits of random variation in nature and experimental 
error in sampling and analysis. 
On the other extreme is the very high correlation between 
downslope distance (L) and elevation. This,too, is expected since 
the traverses originate at the highest point in the landscape 
and each consecutive position downslope is lower than the one 
above. The consequence of two highly correlated parameters 
in a multiple regression model is that the combined effect of 
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both accounts for little more variability than either one 
alone. Reduced models that include either length or width, 
but not both, should have practically the same predictive 
value as the full model. 
One other aspect of the length-elevation correlation is 
related to its expression of a linear relationship. Even 
2 though the R is about O.96, a linear equation would be un­
acceptable as a landscape model in southwestern Iowa. It 
would not account for the existence of convex curvature in the 
region of the summit and shoulder or concave curvature in the 
region of the footslope and toeslope. These elements of the 
landscape are important with respect to understanding of soil 
2 genesis. And, if an unacceptable model can have an R this 
2 high, the value of a model whose R is less than O.5 would 
certainly be questionable for the purposes discussed. 
Between the low correlations with width and the high 
correlation between L and E are medium to low level correla­
tions associated with gradient and curvature (see Table 3)» 
These parameters could add significantly to the amount of 
variability accounted for by a multiple regression model. 
The initial step in regression analysis assumed a full 
model in which all five landscape parameters were included. 
Each of the six profile characteristics was regressed on this 
2 
model, and each was ranked according to the R value obtained. 
2 The resulting expressions, their R values, and coefficients 
of variation are shown in Table 4. 
2 Table 4, Regression equations, R values, and coefficients of variation for 
uni-valued soil properties, all three traverses (see text, page 62, 
for identification of abbreviations) 
Soil 2 
prop. Equations R C.V. 
Mot Y = -121.64 - 4.74G + 8.68L + 1.45E - 3.59W + 0.07C O.835 0.33 
20^ Y = -235.66 - 7.79G + 14.91L + 2.48E + 4.500 + 3.49W 0.784 0.39 
Mol Y = -64.46 - 2.89G + 5.42L + O.8OE - 2.16W - 1.44C 0.589 0.39 
Max Y = 13.46 + 0.13G - O.23L - O.O6E + 0.04W - 0.04C 0.55^ O.O6 
Min Y = 5.01 + 0.03G + 0.05W + 0.04L + 0.005E + 0.009C 0.497 0.04 
A Y = -21.12 - 0.74G + I.56L + 0.35E - O.87W - 0.41C 0.382 0.29 
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The next step was to find reduced models that explained 
the most amount of variability with the least number of param­
eters, This was done by a stepwise procedure in which each 
soil parameter was regressed on successively smaller models 
formed by omitting first the landscape parameter whose coeffi­
cient in the full model had the lowest t-statistic in absolute 
value, then omitting in addition parameters whose coefficients 
had successively larger t-statistics. At each stage, the sig­
nificance of the set of omitted parameters was tested using the 
F-statistic calculated by dividing the mean square for the dif­
ference between the regression sum of squares of the full model 
and the reduced model by the residual mean square of the full 
model. A 10^ probability level was used to decide whether a 
given reduced model was satisfactory. Because of the stepwise 
process, the overall model was incompletely specified, and the 
outcome of the test at each stage was conditional on the out­
comes of previous tests. In this situation the probability 
level at which the final model was tested probably was not really 
the same as the initial level specified (Bancroft, I968), This 
error is probably not too serious here, and the model equations 
indicate trends, even though exact probabilities are not known. 
In the future these models could be used, for a priori hypotheses 
of soil-landscape relationships. 
Inspection of Table 4 shows that mottling parameters are 
best explained by position in and form of the landscape. Mot­
tles are produced by alternating changes in the oxidizing or 
reducing nature of the soil environment, conditions which are 
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controlled in part by the water regime In the soil. However, 
the presence of mottles in a given soil at a given time may 
be a relict feature formed under a moisture regime quite dif­
ferent from the present one (Ruhe, Prill, and Riecken, 1955). 
At the Cut 39 site this is the case, particularly for the soils 
on the backslope, which are developed in deoxidized loess. 
Soils on the summit could also have been influenced by a dif­
ferent moisture regime if one existed in this position during 
the time of formation of the deoxidized zone. It is more 
likely, however, that mottles observed In these soils are a 
product of current moisture conditions. Soils on the foot-
slope and toeslope are relatively young, and their properties 
are mostly related to current conditions. For the soil-
landscape system as a whole, the causes of mottling are re­
lated to soil moisture and redox conditions, but observed 
depths to mottles are due partly to current conditions and 
partly to relict conditions exposed near the modern surface 
during landscape evolution. These observed depths are the ones 
quite highly related to landscape parameters. 
Appropriate reduced models for both parameters involve 
only gradient and downslope distance. For the parameter depth 
to mottles, the equation is: 
Y = 28,86 - 4.32G + 3.6IL, = .790, 
For depth to 20% mottles, 
Y = 43,49 - 7.17G + 6,55L, R^ = .751. 
The similarity in behavior of these two mottling parameters 
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is indicated by the high correlation between them (r = .89). 
However, as it is probably easier for a field mapper using a 
hand probe to detect the point where mottles first occur than 
the point where mottles occupy as much as 20% of the matrix, 
it is a rather 'nice' result that depth to mottles has a 
slightly higher relationship to landform parameters. 
The third-ranked parameter is mollic thickness, but its 
companion parameter, A horizon thickness, ranks at the bottom 
of the list (Table ^•) . Coefficients of variation shed some 
light on the situation. Any parameter that varies within a 
narrow range will have a low C.V. The overall range in A 
horizon thickness is relatively narrow, but more than that, 
values tend to cluster in three groups corresponding to summit, 
shoulder and backslope, and footslope and toeslope, within 
which there is marked homogeneity and therefore independence 
of landscape parameters. What relationship exists is primari­
ly between clusters. Still, the range, as indicated by the 
C.V., is far greater than ranges for pH parameters, which do 
indeed lie within narrow limits. The implication is that much 
of the variability in A horizon thickness may be attributed to 
some other factor(s) not included in the model. The range for 
mollic thickness is somewhat greater than for A horizon thick­
ness, and there is a less marked tendency to form clusters. 
Hence mollic thickness is a better criterion for relationship 
to position in and form of this landscape in southwestern Iowa. 
The reduced model for mollic thickness is; 
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Y = 16.55 - 2.59G + 2.52L, = .561. 
For A horizon thickness, omission of all parameters except 
gradient was not significant at the \Q% level. The calculated 
F was so close to the tabulated value, however, that because 
of the conditional nature of the hypothesis it seemed desir-
2 
able to Include distance in the model. This raised R from 
0.217 with gradient only to 0.314, where 
Y = 14.25 - 0.62G + 0.32L. 
Parameters of pH appear to have little value as genetic 
indicators when related to landscape parameters of this hill-
slope. Their values vary within narrow ranges and form clus­
ters that are extremely homogeneous within. These clusters 
are related to the different kinds of materials that exist 
in the soil-landscape system, namely oxidized and leached 
loess, deoxidized and unleached loess, and alluvium. To the 
extent that these materials occupy different portions of the 
landscape, pH parameters are related to landscape parameters. 
The reduced model for maximum pH includes gradient and dis­
tance, as omission of distance, though nonsignificant, re­
sulted in a calculated F very close to the chosen level. The 
equation is: 
Y = 7.06 + O.llG - 0.02L, = 0.492. 
For minimum pH it was necessary to use three parameters, in­
cluding, oddly, slope width. The equation is: 
Y = 5.60 + 0.034G + 0.020L + 0.046W, R^ = 0.494. 
The same method of analysis was applied to additional 
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characteristics from the center traverse only. It has al­
ready been shown that width contributes little to the regres­
sion model due to the replicate nature of the traverses. Loss 
of this parameter by itself is of little consequence, but the 
corresponding reduction in the number of observations drasti­
cally reduces the number of degrees of freedom for testing 
hypotheses. The hypotheses themselves are still conditional 
on previous tests in the stepwise procedure. 
Sixteen soil properties grouped in sets of 4 each were 
related to the four remaining landscape parameters: downslope 
distance, elevation, gradient, and curvature. The set of 
particle size parameters included maximum clay (CI), B/C clay 
ratio (B/C) determined as the ratio of maximum clay to minimum 
clay lower in the profile,; geometric mean of the surface 
sample (GM), and range in geometric mean (RGM), The set of 
phosphorus parameters included cumulative available phos­
phorus (CAP), cumulative total phosphorus (CTP), range of total 
phosphorus (RTF), and total phosphorus deficit from 721 ppm 
(TPD). The set of leaching parameters included depth to 
carbonates (DC), maximum pH (Max), minimum pH (Min), and rela­
tive pH deficit from 8.0 (pHD). The set of redox parameters 
included range in free manganese (RMn), cumulative free Mn 
(CMn), range in free iron (RFe), and cumulative free Fe (CFe). 
All cumulative and deficit figures were determined by plotting 
the depth distribution of a characteristic, measuring the area 
from the origin to the plotted curve with a planimeter, and 
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converting to ppra-inches or ^ -inches as appropriate. The 
complete correlation matrix for all soil and landscape param­
eters is shoim in Table 5» Subsections of this matrix show 
correlations among parameters within a set (triangular portions) 
and between parameters of different sets (rectangular portions). 
Again the full model Included all four landscape param-
2 
eters, and soil properties were ranked according to the R 
obtained from corresponding regressions. Reduced models were 
also sought as previously. It is worth noting that the total 
degrees of freedom for the full model was l6, so that the 
2 
estimate of a , the residual mean square, had only 11 degrees 
of freedom. This estimate was used to test for significance 
of both full and reduced models. All resulting model equa­
tions are shown in Table 6. 
The correlation matrix for particle size parameters in­
dicates generally a rather high degree of independence among 
them. The most notable exception is the correlation between 
clay and geometric mean. Both rank high in terms of varia­
bility accounted for by landform parameters (Table 6). This 
is probably a fortunate thing, for even though geometric mean 
has the greater relationship, it is much more difficult to 
determine the geometric mean of a sample than to measure the 
amount of clay. The other parameter based on clay distribution, 
B/G ratio, is also high in the list whereas the range in geo­
metric mean is quite low. Consequently, from the standpoint 
of soil genesis, the clay parameters have value equal to or 
Table 5» Correlation matrix for uni-valued soil properties and landscape 
parameters, center traverse only (see pages 62 and 71 of text for 
definitions of symbols that identify rows and columns) 
L E G C CI B/C GM EG M DC Max 
L 1.00 
E -0.98 1.00 
G 0.39 -0.30 1.00 
C 0.53 -0.58 0.06 1.00 
CI O.bO O.bO -0.60 -0.56 1.00 
B/C -0.21 0.26 0.70 -0.24 -0.16 1.00 
GM 0.87 -0 .83  0.57 0.32 -0.74 -0.08 1.00 
RGM 0.01 0.07 0.57 0.02 -0.00 0.50 0.08 1.00 
DC -0.20 0.15 -0.93 0.07 0.44 -0.7b -0.41 —0 156 1.00 
Max 0.08 
—0.07 0.69 -0.10 -0.24 0.65 0.18 0.46 -0.86 1.00 
Min 0.53 -0.'+7 0.71 0.13 -0.55 0.48 0.56 0.46 -0.71 0.67 
pHD -0.01 0.00 -0.65 -0.03 0.21 -0.78 -0.00 -0.54 0.81 -0.90 
CAP 0.30 -0.27 -0.50 -0.06 0.10 
-0.57 0.11 -0.3b 0.64 —0.60 
RTF 
-0.73 0.70 -0.71 -0.24 0.84 -0.29 -0.74 -0.15 0.61 -0.55 
CTP 
-0.35 0.43 0.01 —0.65 0.46 0.37 -0.31 0.23 -0.08 0.13 
TPD 0 .36  -0.45 -0.04 0.67 -0.46 -0.40 0.31 -0.24 0.11 -0.16 
RMn 0.45 -0.44 0.72 O.Ob 
-0.59 0.57 0.4b 0.32 -0.75 0.71 
CMn 0.33 -0.41 —0.10 0.22 -0.28 -0.18 0.25 -0.24 0.14 -0.18 
RFe 0 .36  
-0.39 0.55 0.03 -0.47 0.37 0.43 0.10 -0 .62  0.72 
CFe -0.03 -0.02 -0 .23  -0.02 0.03 -0.14 -0.01 
-0.15 0.31 -0.40 
Table 5» (Continued) 
Min pHD CAP RTP CTP TPD RMn CMn RFe CFe 
Min 
pHD 
CAP 
RTP 
CTP 
TPD 
1.00 
-0.66 1.00 
1.00 
0.20 
-0.19 
1.00 
-0.99 1.00 
-0.09 
-0.78 
0.25 
—0.25 
0.59 
0.43 
-0.23 
0.25 
1.00 
0.13 
0.33 
-0.30 
Rl'in 0.68 —0.63 -0.40 
-0.77 —0.12 0.11 1.00 
CMn 
-0.23 0.22 -0.02 —0.18 -0.57 0.57 0.37 1.00 
RFe 0.44 
-0.53 -0.40 -0.67 —0.21 0.19 0.86 0.42 1.00 
CFe 
-0.4-3 0.37 0.03 0.11 —0.28 0.28 0.07 0.81 0.15 
Table 6, Full model and reduced regression equations, R values, and coeffi­
cients of variation for uni-valued soil properties, center traverse 
only (see text, pages 62 and 71, for further identification of 
abbreviations) 
Soil 
prop. Equations C.V. 
DC Y = -355.5 - 13.23G + 17.22L + 4.52E + 16.34c 0.944** 0.18 
Y = -249.1 - 13.21G + 14.99L + 3.64E 0.933 
CAP Y = -5255.6 - 74.OG + 237.3L + 52.9E - 203.9c 0.839** 0.50 
Y = -6583.5 - 74.2G + 265.IL + 63.8E 0.794 
GM Y = 19.76 + 0.05G + 0.18L - O.3IC + 0.003E O.836** 0.02 
Y = 20.15 + 0.17L 0.757 
Cl Y = 27.35 - O.O98G - 0.45c + 0.05E + 0.07L 0.813** 0.02 
Y = 32.55 - 0.13L + 0.07G 0.746 
B/C Y = 3.27 + 0.05G - 0.085L - 0.017E - 0.04C O.787** O.O8 
Y = 1.44 + O.O5G - 0.03L 0.759 
RTP Y = -464,29 - I2.98G + 7.88E + 44.09c + 14.45L O.786** 0.21 
Y = 75.03 - I2.O5G + 3.I9E 0.760 
RMn Y = 1.08 + O.OIG - O.OIE - 0.03L - 0.04C O.696** 0.43 
Y = 0.02 + 0.0097G 0.512 
Max Y = 18.17 + 0.14G - 0.37L - O.IOE - 0.33C 0.648* O.O6 
Y = 6.92 + O.IOG 0.475 
= sig. at l^j * = sig. at 5^; + = sig. at 10^; NS = not sig. at 10#. 
Table 6, (Continued) 
Soil 2 
prop. Equations R C.V. 
pHD Y -995.2 - 19.00G + 49.67L + 12.47E - 4.97c 
Y = 382.4 - 12.5IG 
0.632* 
0.417 
0.21 
Min Y 5.79 + 0.03G - 0.07C + 0.02L - O.OOIE 
Y = 5.77 + 0.047G 
0.591* 
0.506 
0.04 
RFe Y = 18,14 + O.I3G - 0.16E - 0.52L - 0.69c 
Y = 13.62 + 0.13G - 0.13E - 0.42L 
0.591* 
0.505 
0.88 
TPD Y 46.28 + 3.93C - O.43E - 1.42L + O.O5G 
Y = -1.48 + 5.31c 
00 0
 0
 
0.69 
CTP Y -0,18 - 3.87c + O.47E + 1.57L - O.O9G 
Y = 51.76 - 5.25C 
0.524+ 
0.421 
0.06 
ROM Y = -6.36 + O.O9G + 0.08E + 0.49C + 0.22L O.453NS 0.21 
CMn Y = 55.25 - 0.45E - 1.33L - 1.13C + O.OOIG 0.395NS 0.30 
CPe Y 281.4 - 1.75E - 5.52L - 7.39C - O.59G 0.117NS 0.24 
77 
greater than geometric mean parameters and are easier to mea­
sure. This is not to say geometric mean is unimportant, and in 
fact it is very useful for separating geologic from pédologie 
processes. More will be said about this in the next chapter. 
The position of cumulative available phosphorus in Table 6 
emphasizes the potential importance of soil test characteris­
tics for soil classification and demonstrates the usefulness of 
making determinations to depths considerably greater than the 
surface increment. The relationship describes quantitatively 
the situation shown in Figure 17, in which profile amounts of 
AP are high in the upper and lower parts of the soil-landscape 
system, where gradients are low, and are quite low in the back-
slope, where deoxidized loess outcrops and gradients are high. 
The range in total P is indicative of the amount of redistribu­
tion within a profile. Its rather high ranking and relative 
independence from other phosphorus parameters suggest that it 
is an important criterion for relating soil differences to 
landscape position and form. Cumulative TP and TP deficit are 
highly related to each other (Table 5), but both are poorly 
related to landform parameters. Perhaps this is evidence that 
little phosphorus has been lost from the system as a whole, or 
if losses have occurred, they have been of relatively equal 
magnitude in all parts of the soil-landscape system. In 
either case, the high relationship of RTP to landscape param­
eters becomes all the more significant, for it indicates that 
differences in the soil-landscape distribution of TP must be 
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due mainly to ^  situ processes that modify profile distribu­
tions and not to differential losses from the system. Fur­
thermore, the effects of these pedogenic processes differ 
according to position in the soil-landscape system. 
Correlations among leaching parameters are all fairly 
high, and three of the four cluster together in a position of 
medium importance (Table 6). It has already been suggested 
that they are related more to the different kinds of materials 
represented than to the landscape per se. However, depth to 
carbonates stands out as the characteristic whose distribution 
is best explained by position in and shape of the landscape. 
Part of this is due to location of materials bevelled by the 
surface. Another part is due to the manner in which water 
runs over and through the soil. On the summit and shoulder, 
where gradients are low, carbonates are leached to a consider­
able depth. Little runoff would be expected from these posi­
tions, so that most of the rainfall infiltrates, and leaching 
has been effective since loess deposition ceased. On the back-
slope, where gradients are high, carbonates are near the surface 
mainly because of recent exposure of calcareous material as a 
result of landscape evolution. However, current leaching would 
be less effective than on the summit because the higher gradi­
ents reduce the amount of Infiltration. Also, the total dura­
tion of leaching is on the order of 250 years rather than 
14,000 years. On the footslope and toeslope, where gradients 
are again low, carbonates are deep, probably because of 
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accumulation of leached sediments more than because of actual 
leaching in place. In spite of the varied conditions behind 
the relationship, this parameter nevertheless indicates how 
soils differ according to their location in the landscape, 
and it probably is applicable to much of southwestern Iowa 
where landscapes and stratigraphy are similar in kind. 
Parameters of iron and manganese distributions are not 
highly related to parameters of the landscape. The position 
of the cumulative factors at the bottom of the list (Table 6) 
indicates that little has been lost from any position in the 
soil-landscape system. Ranges have somewhat higher rankings, 
but the relationship is again mostly one of material differ­
ence, The fact that the range in Mn ranks above the range in 
Fe may indicate that Mn is slightly more mobile in the soil 
system than iron. It could provide an important criterion 
for placing soils at a point in time of soil genesis. 
Inspection of all the model equations in Tables 4 and 6 
shows that slope gradient is the dominant landscape feature 
throughout. The reason is due largely to differences between 
materials found in different parts of the soil-landscape 
system. Low values of slope gradient occur both in the upper 
part and in the lower part of the system. Though the materials 
in these parts of the system differ in origin and the soils 
differ in their genesis, the differences between characteristics 
of soils developed in these materials are relatively small 
when compared to the values of the same characteristics in 
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deoxidized loess. This material occurs in the middle of the 
soil-landscape system where gradients are high. The main 
significance of slope gradient in the system is related to 
landscape evolution, and not to differences in amounts and 
rates of water infiltration on different parts of the hill-
slope. Differential effects of runoff and infiltration might 
be Important in other types of soil-landscape systems, but 
their role in this one is not manifest and cannot be distin­
guished due to differences in soil age and the presence of 
relict weathering zones. 
The importance of slope gradient as an indicator of soil 
differences is a desirable result, for one of the major guides 
a field mapper uses to delineate soil differences is slope 
gradient. Furthermore, the degree to which soil slope is re­
lated to variations in soil profile characteristics may be 
important in choosing the order in which criteria for classifi­
cation should be evaluated. Such an ordination is indicated 
in Table 6. 
Multi-valued Profile Characteristics 
Detailed analyses of the depth distributions of chemical 
and physical properties produced a great many numbers for the 
soil-landscape system as a whole. The question then arose of 
how best to portray these results to show how profile distribu­
tions change from site to site in the landscape. Tables are 
bulky, as are consecutive plots of individual profiles. The 
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overall picture would be hard to grasp from either. A 
mathematical surface could be fitted to the data, but it would 
not portray the data themselves but an approximation to them, 
and it might be a poor one at that. Because there are many 
numbers representing a small area of landscape, and because 
observations were made at equal intervals of both depth and 
distance, a map of the data seemed most appropriate. The map 
Is in the form of a block diagram, the base of which is formed 
by axes of distance and depth. Values of a given character­
istic were plotted above this base, and adjacent points were 
connected with a straight line. The resulting diagram has the 
appearance of a surface rising above the basal plane. Each 
map represents 192 data points for properties measured to 48 
inches or 304 points for properties measured to 76 inches. 
Original diagrams were drawn by the plotting facility at the 
ISU Computation Center. 
To maintain some consistency in orientation of the soil-
landscape system from one diagram to another, the distance axis 
was always oriented so that values from the summit profile 
(labeled as 0 feet) were plotted in the foreground. This 
creates the effect of viewing the system as if standing on the 
summit and looking in a downslope direction. The depth axis 
was oriented so as to keep high values in the background, 
thereby minimizing the number of hidden points. For character­
istics whose values are low near the surface and increase with 
depth (pH, for example), the soil surface is in the foreground. 
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creating an effect of looking down into the soil while also 
looking in a downslope direction (see Fig. 11). For charac­
teristics whose values are high near the surface and decrease 
with depth (clay, for example), it was necessary to keep high 
values in the background. This creates an effect of standing 
at the lowest point in each profile and looking up toward the 
surface (see Fig. 13). Note also that the relative positions 
of the depth and distance axes on the block diagram are re­
versed from the situation first described. The lower number 
on the approximate vertical scale is the value represented by 
the base of each diagram. For example, the base of the pH 
diagram (Fig. 11) has a value of 5*0, and the highest value 
represented, pH 8.5, is plotted at a distance above this base 
approximately times the length of the scale shown. 
Figure 9 shows the soil-landscape distribution of percent 
carbonates. Soil profiles on the summit (0-78 feet) and shoul­
der (117-195 feet) are entirely leached. The value is 0.0^. 
The occurrence of carbonates in holes 7 to 14 (23^-507 feet) 
coincides with the positions in the soil-landscape system of 
the deoxidized and unleached zone and the upper part of the 
oxidized and unleached zone. In the upper part of the cal­
careous zone, as represented by holes 8 to 10 (273-351 feet), 
the distribution is quite uniform with depth. These samples 
are in deoxidized and unleached loess. Lower on the slope 
(390-468 feet), the distribution is more irregular and tends 
to have a zone of accumulation. The explanation lies in the 
APPflOX. VERT. 
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distribution of concretions shown in Figure 10. Most of the 
concretions are composed of carbonate minerals. Their con­
centration in the lower part of the deoxidized and unleached 
zone and in oxidized and unleached loess accounts for the in­
crease in total percent carbonates. The presence of cal­
careous nodules indicates translocation of carbonates out of 
one zone and reprecipitation in another. This may have 
occurred by downward water movement with respect to a former, 
higher land surface, or by lateral downslope water movement 
during landscape evolution. If the former is true, then the 
zone of concretions is a relict feature not related to the 
current environment. 
The soil-landscape distribution of pH is shown in Figure 
11. Its striking feature is the high plateau, which corre­
sponds to pH values between 8.3 and 8.5 in the calcareous 
materials. At similar depths both upslope and downslope, the 
pH is nearly constant at about 7.0. An exception occurs at 
holes 4 and 5 (117-156 feet) where a trough appears in the 
diagram. This is a manifestation of the fence row effect, 
where sediments having characteristics more like the surface 
soil have accumulated to considerable depth. Another trough 
runs in a downslope direction just below the soil surface. It 
Indicates the subsoil minimum of most intense acidification. 
The value of the minimum increases from summit to shoulder 
and reaches its highest level in soils of the backslope. From 
there into the footslope soils the minimum pH decreases 
'4; 
'9 
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slightly. 
Two parameters of particle size are shown in Figures 12 
and 13. Irregularity is the dominant pattern for geometric 
mean. This is largely due to the geologic mode of deposition 
in micro-strata of alternating particle size and the subse­
quent bevelling of strata by the modern surface (see also Fig. 
. A slight tendency for smoothing of the depth distributions 
for several inches immediately below the surface of summit 
and shoulder profiles is noticeable. Whether this is a random 
geological occurrence or is the result of pedogenic modifica­
tion is not clear at this point. Evidence to be introduced 
later suggests that pedogensis may be at least partly respon­
sible. The distribution of the geometric mean of the surface 
sample, which is quite well related to landscape parameters 
(Table 6), is shown on the right hand side of the block. The 
overall impression of the soil-landscape distribution of 
geometric mean indicates an increase in particle size in a 
downslope direction, a fact which is not in agreement with 
Ruhe's observation that median particle size decreases away 
from the summit (Ruhe, Daniels, and Cady, I967). The clay 
distribution (Fig. 13) has high values near the surface which 
decrease with depth. This is well indicated by the profile 
distribution at the summit (0 feet) shovm in the right fore­
ground. Clay maxima occur slightly below the surface on and 
near the summit but at the soil surface on shoulder and back-
slope. The 'notch' at holes 4 and 5 (117-156 feet) represents 
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the fence row overburden which has displaced the zone of clay 
maximum to a greater depth. The marked depression in the cen­
ter of the diagram represents the zone of minimum clay in cal­
careous loess. The amount of clay in footslope alluvium (507-
585 feet) is similar to that in surface increments of soils 
upslope. It indicates that the alluvium was derived from ero-
sional stripping of soils higher in the soil-landscape system. 
The soil-landscape distribution of free iron (Fig. 14) 
shows four distinct zones. The first occurs in soils that 
occupy summit and shoulder positions (0-234 feet) and is a zone 
in which values are nearly constant with depth. There is, 
however, a very slight indication of a bulge between 10 and 34 
inches where iron redistribution may just be starting to have 
an effect. The second is a zone of 'mountains' that corre­
sponds to the lower part of the DU zone and upper part of the 
OU zone. Peaks represent samples that contained concretions 
of Fe and Mn. As such, the actual distribution is subject to 
sampling error, but the pattern is very characteristic. The 
third zone is represented by very low values in the lower part 
of hole 7 (234 feet), all of hole 8 (273 feet), and the upper 
part of hole 9 (312 feet). These samples represent the upper 
part of the deoxidized zone and correlate with the observed 
zones of uniform carbonate distribution and lack of concretions. 
The fourth zone is again one of near constancy in lower foot-
slope and toeslope positions (507-585 feet). The similarity 
between this zone and that of the summit and shoulder again 
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implies that the alluvium may have been derived from erosion 
of surficial soils upslope. The distribution of free manganese 
(Fig. 15) resembles that of free iron but is much more irregu­
lar. Perhaps Mn readily forms nodules smaller than 2 mm. whose 
concentrations differ from sample to sample. A marked smooth 
surface from 0 to 30 inches in summit and shoulder profiles 
(0-234 feet) is probably the result of pedogenic modification, 
perhaps by solution of nodules and dispersion of the manganese. 
The soil-landscape distribution of total phosphorus 
(Fig. 16) demonstrates the presence of a subsoil minimum in 
all soil profiles. The minimum is displaced to a greater 
depth in holes 4 and 5 (117-156 feet) because of surficial 
accumulations related to the fence row. The pattern of sub­
surface minimum and deep subsoil maximum in summit and shoul­
der soils is characteristic of TP distributions observed in 
several Iowa soils (Pearson, Spry, and Pierre, 19^0; Godfrey 
and Riecken, 195^; Runge and Riecken, I966; Dideriksen, I966; 
Dietz, 1967). Analyses were not carried deep enough to indi­
cate a return to lower values below the subsoil maximum. That 
it does occur has been shown by Runge (I963) in his analysis 
of a summit profile just north of Cut 39. In backslope soils 
(273-^29 feet), the subsoil maximum forms a plateau at a lower 
level (721 ppm.) of TP. It coincides with the zone of cal­
careous materials and intermittently high contents of Fe and 
Mn, a zone in which phosphorus apparently is highly immobile. 
Portions of the alluvial fill, notably the toeslope position 
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in the waterway center, show very high TP levels. The 
occurrence of subsurface minima at depths greater than in 
soils upslope is in agreement with similar observations made 
by Dietz (I967). 
In the summit and shoulder positions (0-23^ feet), avail­
able phosphorus (Fig. 17) is high in the surface, decreases 
to a minimum, then Increases slightly. The surface highs are 
probably related to higher amounts of organic matter associated 
with the effects of plant recycling. The subsurface decrease 
may be related both to decreasing amounts of organic matter and 
to a decrease in pH. Slightly increasing values at depth may 
reflect merely the increase in total phosphorus, of which some 
relatively constant percent may exist in the available form. 
The distribution of AP in the backslope (273-468 feet) supports 
this idea. Values are extremely low and uniform, in accord with 
lower, constant TP values in this region (see Fig. I6). At 
the high pH levels in the calcareous zone (Fig. 11), phosphorus 
availability is probably lowered by immobilization as calcium 
phosphates. The distribution in footslope alluvium (507-5^6 
feet) is again like that of the summit soils with the exception 
of hole 16 (585 feet), which stands alone as a very different 
system. 
Available potassium (Fig. 18) behaves somewhat like avail­
able P but shows no tendency to Increase with depth. Profile 
distributions are almost identical to the distribution of ex­
changeable K for a "moist" Marshall soil determined by Hanway, 
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Handy, and Scott (I96O). Surficial effects are probably re­
lated to the effects of plant recycling. Subsoil values are 
essentially independent of both material and landform param­
eters. The fence row effect at holes 4 and 5 (117-156 feet) 
and the peculiar system at hole I6 (585 feet) are clearly 
evident in the distribution. 
The initial nitrate soil-landscape distribution (Fig. 19) 
has three general zones. In the summit and shoulder (0-195 
feet), values are high in the surface and generally decrease 
with depth. In the backslope (234-351 feet), values are very 
low and relatively constant. In the footslope and toeslope 
(390-585 feet), values are quite irregular and not systematically 
distributed. The overall distribution probably is associated 
with the distribution of organic matter, but it may also be 
affected by differential amounts and rates of downward move­
ment in percolating water. 
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IMPLICATIONS FOR SOIL GENESIS 
Diagrammatic representation of soil-landscape distribu­
tions offers the possibility of making genetic interpretations 
by comparing the distributions shown in different diagrams.-
This is essentially the approach used by Dietz (196?), though 
his data were presented in a different manner. Such compari­
sons, while informative, are largely restricted to qualitative 
observations, and the large number of comparisons among all 
possible combinations could soon become unwieldy and confus­
ing. Some quantification of relationships between variables 
used to characterize the soil-landscape system can be accom­
plished by calculating correlation coefficients between all 
possible pairs of variables, but there is still a problem of 
interpretation. When every variable is correlated to a greater 
or lesser degree with every other variable, it is not clear 
which relationships are truly functional, or causal, and which 
ones are merely coincidental, or associative, due perhaps to a 
common relationship with a third variable which Itself may or 
may not be causal. Nevertheless, the correlation matrix pro­
vides the basis for further calculations that lead to infer­
ences concerning possible causes for observed correlations. 
These calculations fall within the broad scope of factor an­
alysis, the theory and uses of which are treated in detail in 
books by Thurstone (19^7), Fruchter (195^)i Harman (I967), and 
Nunnally (I967), among others. The discussion that follows 
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is drawn mainly from these texts and is intended mainly 
to provide the reader with enough background to understand 
the significance of factor interpretations. 
The technique of factor analysis has its roots in psy­
chological research and has been used widely in that field 
(Fruchter, 195^)» Briefly stated, the psychologist's prob­
lem involves sampling a population, observing or measuring 
selected characteristics of the sample, and making inferences 
from the data accumulated. The analogy between this approach 
and that of one interested in soil genesis is so striking that 
it seems desirable to investigate the appropriateness of using 
in this field the data analysis techniques found useful by 
psychologists. The technique has already been tried and 
found useful in such substantive fields as hydrology (TVA, 
1965). geology, and meteorology (cited by Barman, I967). 
The complete correlation matrix for the 13 variables used 
to characterize the soil-landscape system is shown in Table ?• 
The variables of distance from summit and depth beneath the 
surface for each sample have been included as parameters of 
location in the system. These two variables are treated in 
exactly the same manner as the chemical and physical properties 
evaluated for each sample and carry similar connotations in 
the tables and discussion that follow. In order to further 
analyze this correlation matrix, it is useful to consider each 
variable as having been transformed to have zero mean and unit 
variance. The unit variance is composed of two parts: 
Table 7. Correlation matrix for the 13 variables used to characterize the soil-landscape system 
Dist. Depth pH AP AK IN Fe Mn Clay GMean TP Cone. Carb. 
Dist. 1.00 
Depth -0.00 1.00 
pH 0.05 0.66 
AP 0.24 -0.10 
AK 0.24 -0.34 
IN -0.08 -0.35 
Fe -0.08 -0.02 
Mn 0.15 0.05 
Clay -0.12 -0.63 
GMean 0.78 -0.10 
TP 0.04 0.30 
Cone. 0.15 0.19 
Carb. 0.21 0.37 
1.00 
-0.37 1.00 
-0.46 0.75 1.00 
-0.45 0.07 0.29 
-0.29 -0.00 -0.03 
-0.24 -0.03 -0.01 
-0.84 0.21 0,32 
-0.16 0.25 0.20 
0.38 0.38 0.21 
0.29 -0.14 -0.09 
0.70 -0.27 -0.19 
1.00 
0.17 1.00 
0.18 0.77 1.00 
0.48 0.26 0.23 
-0.07 -0.05 0.16 
-0.27 -0.25 -0.38 
-0.11 0.19 0.28 
-0.19 -0.22 -0.14 
1.00 
0.00 1.00 
-0.59 -0.03 1.00 
-0.35 -0.01 0.05 
-0.73 -0.06 0.30 
o 
r\j 
1.00 
0.70 1.00 
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common variance and unique variance. Common variance is 
that which is shared with other variables in the system, and 
it accounts for the existence of correlations between vari­
ables. It is called the communallty of a variable. Unique 
variance includes that which is specific to each variable and 
is not duplicated by any other variable. The total variance 
of the system of variables is simply the sum of the (unit) 
variances of each variable, 13 in this case. Of this total, 
then, some percentage is common variance. The common vari­
ance is responsible for observed correlations, and it is of 
primary interest in the factor analysis. In this situation, 
the goal of factor analysis is to extract from the total 
variance the maximum amount of common variance by finding a 
set of linearly independent factors, smaller in size than the 
number of original variables, in which each factor, in turn, 
extracts the maximum amount of variance possible and still 
accounts for more variance than could any variable by itself. 
These conditions are met by the specific method of principal 
components analysis, which is mathematically the most exact of 
all possible factor analysis solutions (Harman, I967), 
A factor is, by definition, a linear combination of the 
original variables in a data set (Nunnally, I967). 
Symbolically, 
(j = 1,N), (1) 
where is a factor score for the jth sample in the entire 
104 
set of N samples, V^j is the value of the variable 1 observed 
on sample j, and the b^'s are the coefficients that define 
the linear combination. The complete set of factor scores 
is a column of numbers analogous to a column of raw data for 
a given variable. While this model is useful in certain appli­
cations of factor analysis, the crux of the principal compo­
nents solution is to derive quantities called factor loadings, 
which are then used to calculate communalities and percentages 
of variance extracted and give rise to subsequent interpre­
tations. If the b^ coefficients were known, factor loadings 
could be computed directly as simple correlation coefficients 
between each column of numbers representing a variable and the 
column of factor scores. In principal components analysis, 
the b^ coefficients are not known, and factor loadings are 
derived without determining what the coefficients would be. 
However, the interpretation of factor loadings as correlation 
coefficients is still valid and useful. 
The model for principal components analysis is (Harman, 
1967): 
Vi = 8^1?! + Q-i2^2 + •••• + ^in^'n (i = l,n). (2) 
Here each variable, , is expressed as the weighted sum of n 
linearly independent (orthogonal, uncorrelated) factors. The 
weighting coefficients, are the factor loadings. Al­
though the model includes as many factors as the number of 
variables, generally only a few extract more variance than a 
single variable alone contributes to the data set. These few 
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are called common factors, and they form the reduced set de­
sired. Geometrically, they represent the major and principal 
minor axes of an ellipsoid in a hyperspace whose dimension­
ality equals the number of common factors. Hence they are 
called principal axes or principal components. 
The geometrical analogy permits illustration of certain 
key relationships through an example in which four variables 
are expressed, in terms of two orthogonal common factors 
(Fig. 20). The positions of the ^  variables relative to one 
another in 2-dimensional space are indicated by vectors drawn 
from an origin to each point. A frame of reference is pro­
vided by the two perpendicular axes (factors) labelled I and 
II. Factor loadings are found by projecting the vectors onto 
each factor, or axis. Thus for variable A, the loading on 
factor I is 0.9, and on factor II it is 0.1. Factor loadings, 
then, may also be interpreted as the rectangular coordinates 
that locate each variable in the frame of reference defined 
by the common factors. 
The communal!ty of a variable, which is the amount of 
its total variance that is common variance, is the sum of 
squares of its projections on the factor axes. Again for 
variable A (Fig. 20), 0.9^ + 0.1^ = 0.82. Thus, 82^ of the 
total variance of variable A is common variance. Geometrically, 
the communality, in accordance with the Pythagorean theorem, 
is the square of the vectorial distance from the origin to the 
location of a variable in the factor space. 
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Fig. 20. GEOMETRICAL ILLUSTRATION OF KEY 
DEFINITIONS IN FACTOR ANALYSIS 
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The total variance in this example is 4.0, the sum of 
the variances of four standardized variables. The amount of 
this total extracted by each factor is the sum of squares of 
all loadings (projections) on that factor. Thus, 0.9 + 
0.6% + 0.4^ + 0.2^ = 1.37. and 0.1^ + 0.3^ + 0.6^ + 0.8^ = 
1,10. When these sums are the maximum possible for each 
factor, the axes represent the principal axes of an ellipse, 
and the common factors are principal components. 
Because of the maximization criterion, the actual computa­
tion of factor loadings Involves determination of characteris­
tic roots and characteristic vectors associated with the orig­
inal correlation matrix (Harman, I967). A characteristic 
root, X, is a solution of the polynomial equation that re­
sults when the determinant of the correlation matrix, altered 
by subtracting X from each diagonal element, is equated to 
zero. In matrix notation, 
|r - Xl| =0 (Perliss, 1952). 
The definition can best be understood through a very 
simple example : 
Then XI = X. 
The determinant of R - XI = r~^ ,'7 = (1-X)^ - 0.7^ 
I • r J-— 
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Equating to zero, (1-X)^ - 0.?^ = 0 
1 - 2X. + - 0.49 = 0 
- 2\ + 0.51 = 0 
(X-0.3)(X-1.7) = 0 
K = 0.3 
X = 1.7 
The indicated solutions of this polynomial equation are 
the desired characteristic roots. 
A characteristic vector is any vector £. that satisfies 
the relationship 
RE = XE (Perliss, 1952). 
The characteristic vector corresponding to a given character­
istic root is not unique because the relationship is merely 
one of proportionality. For convenience, each characteristic 
vector is often expressed in a standard, or normalized form 
in which the sum of squares of the elements equals 1.0. An 
additional property of characteristic vectors is their linear 
independence, or orthogonality (Perliss, 1952). Thus a char­
acteristic vector expressed in normalized form is called an 
orthonormal vector. 
Continuing with the above example, let a and b represent 
elements of a characteristic vector corresponding to X = 1.7. 
Then, 
1 
By matrix multiplication, 
(1) a + .7b = 1.7a 
(2) .7a b = 1.7b 
a n ry a 
b rs A. • f b 
109 
Prom (1), 
.7a = .7b 
a = b 
Thus any arbitrary value of a determines b. If a = 1, then 
£ = 
To normalize, each element is divided by the square root of 
the sum of squares of all elements. In this example, the 
divisor is \yi^ + 1^ = \J~^. Thus the vector 
 ^- 7^07 
is an orthonormal vector corresponding to the characteristic 
root X. = 1.7. 
With this background, we can now proceed to the analysis 
of the soil-landscape system characterized by the 13 variables 
whose correlations are shown in Table 7. The initial step is 
calculation of the characteristic roots and corresponding 
orthonormal vectors associated with the correlation matrix. 
Because the characteristic roots are numerically equal to the 
amount of variance removed by each factor (Harman, I967), only 
those roots greater than or equal to 1.0 contribute to the 
analysis of common variance. For the matrix in Table 7» five 
characteristic roots satisfy this condition. They are shown, 
together with their corresponding orthonormal vectors, in 
the left hand portion of Table 8. 
The next step is to compute factor loadings by multiply­
ing each element of an orthonormal vector by the square root 
of the corresponding characteristic root. The results are 
Table 8. Characteristic roots, orthonormal vectors, factor vectors, communalities, and variance 
contributions in factor analysis of the entire soil-landscape system 
Characteristic roots 
4.090 2.350 2.056 1.348 1.129 
Orthonormal vectors Factor vectors 
Var. 1 2 3 4 5 1 2 3 4 5 Coram. 
Dist. 0.021 0.398 0.406 -0.370 0.039 0.042 0.609 0.582 -0.430 0.042 0.898 
Depth 0.336 -0.043 0.094 0.150 -0.418 0.680 -0.067 0.135 0.174 -0.444 0.713 
PH 0.461 -0.036 -0.009 -0.036 -0.036 0.931 -0.055 -0.013 -0.041 -0.038 0.874 
AP -0.173 0.483 0.006 0.366 -0.184 -0.350 0.740 0.008 0.425 -0.195 0.889 
AK -0.233 0.439 0.017 0.338 0.164 -0.471 0.673 0.024 0.393 0.175 0.860 
IN -0.271 -0.071 0.020 0.164 0.460 -0.548 -0.109 0.029 0.191 0.489 0.588 
Fe -0.167 -0.272 0.410 0.328 -0.281 -0.339 -0.416 0.588 0.381 -0.299 0.868 
Mn -0.148 -0.220 0.546 0.154 -0.217 -0.300 -0.337 0.782 0.179 -0.230 0.901 
Clay -0.458 -0.096 -0.046 -0.062 0.064 -0.926 -0.147 -0.066 -0.073 0.068 0.894 
GMean -0.066 0.370 0.352 -0.464 -0.106 -0.134 0.568 0.504 -0.538 -0.112 0.897 
TP 0.237 0.366 -0.153 0.381 -0.154 0.479 0.560 -0.220 0.443 -0.164 0.815 
Cone. 0.210 -0.063 0.418 0.244 0,421 0.425. -0.097 0.599 0.283 0.447 0.830 
Carb. 0.390 0.040 0.188 0.095 0.457 0.790 0.061 0.270 0.111 0.485 0.948 
Percent of total variance 
accounted for by each factor: 31.465 18.077 15.816 10.371 8.682 
Total percent variance accounted for: 84. 411 
Ill 
listed as factor vectors in Table 8. To illustrate, the 
first loading in factor 1, 0.042, equals the first element in 
orthonormal vector 1, 0.021, times \/4.09. The communalities, 
as defined previously, are calculated for each variable as the 
sum of squares of loadings in each factor. For example, the 
p ^ 2 
communality for distance, O.898, equals 0.042 + 0.609 + 
0.582^ + (-0.430)^ + 0.042^. The amount of variance extracted 
by each factor is equivalent to the sura of squares of all load­
ings in a given column. It is converted to percent by dividing 
by the total variance, I3. Note that the first factor removes 
the largest amount, and each succeeding factor accounts for 
successively smaller portions of the total variance. Because 
the factors are orthogonal, the total amount of common vari­
ance is obtained by adding the separate contributions of each 
factor. In this case,over 84^ of the total is shared between 
variables, indicating the high degree of intercorrelation among 
the 13 variables used to characterize the soil-landscape system. 
Geometrically, the 5 factors shown in Table 8 represent 
major and minor axes of an ellipsoid in 5-dlmenslonal hyper-
space. Their computation, however, does not provide a unique 
frame of reference for positioning of the axes in the hyper-
space, and it is often difficult to interpret factor loadings 
from the resulting orientation (Thurstone, 194?; Fruchter, 
1954). To obtain more interpretable factor loadings, the 
factors (axes) may be rotated about the origin two at a time, 
maintaining their orthogonality. The effect of these rotations 
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is to change the orientation of the ellipsoid in hyperspace. 
Values of factor loadings and the proportion of variance re­
moved by each factor are also changed, but communalities are 
not affected. Rotations may be performed in several ways, 
but the one used here is intended to produce factor loadings 
that are either as high or as low in absolute value as possi­
ble and to cause each variable to load highly on only one or 
two factors in the set (Thurstone, 19^7). 
Rotation of the 5 factors shown in Table 8 produced the 
altered loadings indicated in Table 9» Parenthesized numbers 
indicate factor loadings greater than -0,^0, a level at which 
loadings are commonly considered significant (Nunnally, I967). 
Ten variables load significantly on one factor only, and the 
other three (pH, clay, and TP) load heavily on only two fac­
tors. Each factor embraces a different grouping of variables; 
the nature of these groupings gives rise to factor interpre­
tations. As each factor represents an axis, high positive 
loadings have the effect of defining one end of the axis and 
high negative loadings define the opposite end. Within a 
given factor, signs have the usual connotation of a correla­
tion coefficient, so that in factor one, for instance, an in­
crease in depth is associated with an increase in pH and a de­
crease in percent clay. Since the principal components solu­
tion yields factors that are uncorrelated, it is not valid to 
compare the signs of a variable from factor to factor. In 
defining an underlying cause on the basis of factor patterns. 
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Table 9« Rotated factor loadings, communallties, and vari 
ance contributions from factor analysis of the 
entire soil-landscape system 
Rotated factor loadings 
Var. 1 2 3 4 • 5 Comm. 
Dist. 0.04l 0.138 0.006 (-0.920) 0.175 0.898 
Depth ( 0.806) 
-0.049 0.146 0.092 0.175 0.713 
PH ( 0.725) -0.257 -0.260 0.063 ( 0.459) 0.874 
AP -0.045 ( 0.903 0.038 -0.177 -0.198 0.889 
AK -0.381 ( 0.829) -0.036 -0.161 -0.017 0.860 
IN (-0.728 0.118 0.110 0.151 0.100 0.588 
Fe -0.080 0.012 ( 0.921) 0.111 -0.024 0.868 
Mn -0.097 -0.079 ( 0.924) -0.160 0.068 0.901 
Clay (-0.767) 0.035 0.231 0.022 ( -0.501) 0.894 
GMean -0.005 0.088 0.037 (-0.938) -0.086 0,897 
TP ( 0.548) ( 0.616) -0.303 0.108 0.177 0,815 
Cone. 0.050 -0.033 0.277 -0.059 ( 0.864) 0.830 
Carb. 0.305 -0.096 -0.200 -0.049 ( 0.896) 0.948 
Percent of total variance removed 
by each factor 
21.962 15.449 15.927 14.42? 16.649 
Percent of total variance removed 
by the set of factors 
84.413 
the fact that the highly loaded variables in one factor are 
positive while the highly loaded variables in another factor 
may be negative is of no importance. The real issue is which 
loadings are largest in absolute value. 
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Geologic Effects vs. Pédologie Effects 
Interpretation of rotated factor loadings for the entire 
soil-landscape system is facilitated by arranging the signifi­
cant variable loadings in each factor in sequential polarized 
form, from high positive loadings through low loadings to high 
negative loadings (Table 10). The variable of sample depth 
has the highest loading on the first factor. Other variables 
associated with depth in the same factor are those that have 
a more or less systematic, but non-uniform, depth distribu­
tion (see Figs. 11, 13. l6, 19). The underlying cause ex­
pressed is interpreted as a pedogenic process, one which is 
responsible for vertical redistribution of certain soil con^ 
stituents. The factor probably embraces both transformations 
in place and translocation by eluvial-illuvial processes. 
With respect to the clay distribution, the major process is 
probably clay formation, and translocation likely has had 
little or no effect. With respect to TP, the major process 
is probably eluviation and illuviation, as the profile 
distributions in the soil-landscape system are not uniform 
even though the cumulative amount is relatively constant 
throughout the system (see Table 6 for CTP and RTF). Pedo­
genesis represented by this factor accounts for more total 
variance than any other factor (Table 10), indicating that, 
in this type of soil-landscape system, the pedogenic processes 
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Table 10. Sequential, polarized arrangement of significant 
factor loadings and percentages of variance ac­
counted for by each factor for the entire soil-
landscape system 
Depth .81 
pH 
.73 
TP 
.55 21.96 
IN 
-.73 
Clay 
-.77 
Garb. .90 
Cone, .86 
pH .46 16.65 
Clay 1 
1 
.
 1 1 
O
 1
 
Mn .92 
Pe .92 15.93 
AP .90 
AK .83 
TP .62 15.45 
Dist. 
-.92 14.43 
GMean 
-.94 
84.41 
that alter the vertical distributions of soil constituents are 
of prime importance in accounting for observed distributions 
of those characteristics. 
The remaining four factors are of about equal importance 
in terms of variance accounted for. Factor number two reflects 
presence or absence of carbonates throughout the system. It 
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is a leaching factor, and whether it is considered as a pédo­
logie or a geologic factor is immaterial. Of course, part of 
the soil-landscape system is calcareous because of recent ex­
posure of calcareous loess that was formerly much deeper be­
neath the original surface. Nevertheless, this material is 
still calcareous in its present position because of insuffi­
cient time for the processes represented by this leaching 
factor to remove all the carbonates. The third factor includes 
only iron and manganese and may represent an oxidation-reduction 
process. This is a weathering process related to early forma­
tion of weathering zones prior to evolution of the present 
surface. Mathematically this factor is independent of the 
leaching factor, and the implication is that the processes 
themselves are Independent as well. Interpretation of the 
fourth factor, which includes primary available phosphorus 
and available potassium, and to a lesser extent total phos­
phorus, is not as obvious. The factor is essentially inde­
pendent of depth, so it does not represent profile distributions 
of these variables. Rather it expresses a relationship among 
these variables alone. It may be due to post-cultural ferti­
lization or to effects of plant uptake and recycling or to 
both. If it is primarily a fertilization effect, the factor 
does not represent a pedogenic process but a result of man's 
influence. If it is a recycling effect, then it is truly a 
significant•pedogenic factor. The last factor, in which geo­
metric mean and distance cluster together, expresses a 
117 
geological effect. It combines in one factor the processes 
of loess deposition in particle size micro-strata and of sub­
sequent bevelling to expose these strata (Fig. 4). These two 
processes are largely responsible for the soil-landscape dis­
tribution of geometric mean shown in Figure 12. 
Factor interpretations for the entire soil-landscape 
system indicate that both purely pedogenic and purely geologic 
processes contribute significantly to the total variance. 
Other processes that are not clearly one or the other also 
make significant contributions. The striking result is that 
the initial set of 13 variables chosen to characterize the 
soil-landscape system can be reduced to a set of 5 factors 
that apparently have real significance in nature. These 
5 are sufficient to account for of the total variance 
in the initial set. Furthermore, the communalities show that 
the reduced set accounts for over 80/^ of the variance of all 
but one of the 12 variables other than depth, whose distribu­
tion is exactly known and understood. The single exception 
is initial nitrate, but this variable depends largely on recent 
cropping history and fertilization and on conditions of soil 
moisture at the time of sampling. It is a rather tenuous 
characteristic and its significance for either pedological or 
geological processes is not obvious. 
The foregoing interpretations are subject to one limita­
tion that might render some of them invalid. When a population 
consists of two or more segments, each quite homogeneous 
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within but differing markedly from one another, analysis of 
the whole population may mask certain relationships that could 
be very significant within individual segments (Fruchter, 
195^)- The soil-landscape system does consist of three obvi­
ously different segments: non-calcareous loess, calcareous 
loess and transported sediments. Because of the possibility 
that interpretations different from those for the whole soil-
landscape system might arise within each group, each material 
was factor analyzed separately. 
Non-calcareous loess includes all samples from 0 to 48 
inches in holes 1 to 7, a total of 84. The correlation matrix 
for the 11 variables measured (there are no carbonates or 
concretions) is shown in Table 11. Results of the factor 
analysis, after rotation, are shown in Table 12. Calcareous 
loess includes all samples in holes 8 to 13 that contained 
carbonates, a total of 38. Its correlation matrix is indi­
cated in Table 13 and the factor analysis in Table l4. 
Transported sediments include all of the alluvial fill and 
the pedisediment overlying calcareous loess in holes 8 to 11. 
There are 70 samples in this group. The appropriate corre­
lation matrix is shown in Table 15 and the factor analysis in 
Table I6, For easier interpretation and comparison, the fac­
tors in each material system as well as the whole system are 
presented in sequential polarized form in Table I7. Also for 
comparative purposes, the communalities for the whole system 
and each subsystem are shown together in Table 18. 
Table 11. Correlation matrix for the 11 variables that describe non-
calcareous loess 
Dist, Depth pH AP AK IN Fe Mn Clay GMean TP 
Dist. 1.00 
Depth —0.00 1.00 
pH -0.07 0.81 1.00 
AP 0.3.1 -0.11 -0.35 1.00 
AK -0.02 -0.56 -0.69 0.74 1.00 
IN -0.56 -0.34 -0.42 -0.17 0.20 1.00 
Fe 0.20 0.06 0.24 -0.31 
-0.35 -0.04 1.00 
Mn -0.24 -0.02 0.15 
-0.35 -0.17 0.20 0.37 1.00 
Clay 
-0.34 
-0.73 -0.64 -0.19 0.30 0.63 0.20 0.23 1 .00 
GMean 0.52 -0.14 -0.27 0.45 0.32 -0.33 -0.31 — 0.21 -0 .32 
TP 0.32 0.50 0.19 0.51 0.08 -0.41 -0.40 -0.44 -0 .73 
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Table 12. Rotated factor loadings, communalities, and 
variance contributions from factor analysis of 
non-calcareous loess 
Rotated factor loadings 
Var. 1 2 3 Comm. 
Dist. 0.008 -0.001 . ( 0.930) 0.865 
Depth ( 0.923) 0.085 -0.023 0.859 
PH ( 0.917) -0.231 -0.028 0.895 
AP -0.278 ( 0.702) 0.372 0.709 
AK (-0.707) ( 0.545) 0.057 0.800 
IN (-0.468) -0.082 ( -0.699) 0.714 
Fe 0.040 (-0.809) 0.253 0.720 
Mn -0.036 (-0.601) -0.171 0.392 
Clay (-0.790) -0.380 -0.378 0.911 
GMean -0.170 ( 0.428) ( 0.650) 0.634 
TP ( 0.460) ( 0.721) 0.309 0.826 
Percent of total variance removed 
by each factor 
30.499 24.730 20.452 
Percent of total variance removed 
by the set of factors 
75.681 
Table 13. Correlation matrix for the 13 variables that describe calcareous loess 
Dist. Depth pH AP AK IN Fe Mn Clay GMean TP Cone. Carb., 
Dist. 1.00 
Depth 0.14 1.00 
pH -0.46 0.55 1.00 
AP -0.75 -0.15 0.23 1.00 
AK -0.62 0.30 0.58 0.68 1.00 
IN 0.49 0.02 -0.56 -0.20 -0.22 1.00 
Fe 0.62 0.05 -0.28 -0.63 -0.57 0.19 1.00 
Mn 0.66 0.17 -0.29 -0.56 -0.51 0.18 0.75 1.00 
Clay -0.21 -0.42 -0.13 0.27 0.14 -0.27 -0.15 -0.24 1.00 
GMean 0.13 0.22 -0.16 -0.20 -0.27 0.13 0.15 0.21 -0.38 1.00 
TP -0.64 -0.07 0.41 0.42 0.51 -0.25 -0.31 -0.60 0.05 -0.03 1.00 
Cone. 0.57 0.18 -0.15 -0.44 -0.46 -0.03 0.49 0.64 -0.26 0.07 -0.47 
Carb. 0.58 0.34 0.00 -0.40 -0.25 0.19 0.29 0.36 -0.48 -0.04 -0.32 
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Table l4. Rotated, factor loadings, communalities, and. 
variance contributions from factor analysis of 
calcareous loess 
Rotated factor loadings 
Var.. 1 2 3 4 Comm. 
Dist. ( 0.793) 0.169 (  0 .436) 0.068 0.853 
Depth 0.015 ( 0.848) -0.170 -0.090 0.757 
pH -0.372 ( 0.512) (-0.692) 0.082 0.885 
AP (-0.781) -0.129 -0.100 0.191 0.673 
AK (-0.778) 0.266 -0.243 0.236 0.791 
IN 0.073 0.133 ( 0,929) -0.078 0.892 
Fe (  0 .803) -0.015 -0.010 -0.195 0.683 
Mn ( 0.840) 0.130 0.034 -0.095 0.732 
Clay 
-0.135 (-0.730) -0.225 0.341 0.718 
GMean 0.147 0.188 0.092 (-0.861) 0.807 
TP (-0.646) 
-0.001 -0.303 -0.209 0.553 
Cone. (  0 .771) 0.324 -0.071 0.264 0.773 
Carb, (  0 ,507) (  0 .628) 0.167 0.377 0.821 
Percent of total variance removed 
by each factor 
35.730 16.923 13.956 9.833 
Percent of total variance removed, 
by the set of factors 
76.442 
Table 15» Correlation matrix for the 11 variables that describe transported 
sediments 
Dist. Depth pH AP AK IN Fe Mn Clay GMean TP 
Dist. 1.00 
Depth 0.44 1.00 
pH 
-0.27 0.39 1.00 
AP 0.52 0.14 — 0.28 1.00 
AK 0.50 -0.03 -0.40 0.76 1.00 
IN 0.23 -0.30 -0.45 0.07 0.35 1.00 
Fe 0.36 0.27 0.14 -0.10 -0.08 0.12 1.00 
Mn 0.41 0.42 0.13 -0.16 -0.13 0.08 0.89 1.00 
Clay 0.13 -0.31 -0.57 -0.02 0.22 0.42 -0.10 -0.03 1.00 
G Mean 0.48 0.39 0.03 0.17 -0.12 -0.02 0.24 0.26 —0.16 1.00 
TP 0.02 —0 « 16 — 0.10 0.71 0.57 0.06 -0.05 -0.23 -0.29 -0.13 1.00 
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Table l6. Rotated, factor loadings, communalities, and 
variance contributions from factor analysis of 
transported sediments 
Rotated factor loadings 
Var. 1 2 3 Comm. 
Dist. ( 0.453) ( 0.730) -0.277 O.8I5 
Depth 0.095 ( 0.650) ( 0.460) 0.643 
PH -0.252 0.103 ( 0.795) 0.706 
AP ( 0.950) 0.104 -0.059 0.917 
AK ( 0.830) 0.028 
-0.374 0.829 
IN 0.084 0.087 ( -0.750) 0.577 
Pe -0.168 ( 0.790) -0.034 0.654 
Mn -0.256 ( 0.857) -0.051 0.802 
Clay -o.i4o 
-0.085 ( -0.833) 0.720 
G Mean 0,085 ( 0.599) 0.123 0.382 
TP ( 0.810) 
-0.199 0.133 0.714 
Percent of total variance removed 
by each factor 
24.119 24.997 21.425 
Percent of total variance removed 
by the set of factors 
70.540 
Table 17. Comparisons between factors of entire soil-landscape system and three component materials 
Entire Calcareous Non-calcareous Transported sed. 
Depth 
pH 
TP 
IN 
Clay 
.81  
.73 
.55 21.96 
-~73 
-.77 
Mn 
Fe 
Dist. 
Cone. 
Carb 
TP 
AK 
AP 
.84 
.80  
.79 
.77 
_.51 
.65 
.78 
.78 
35.73 
Depth 
pH 
IN ~ 
AK 
Clay 
.92 
.92 
_,46 30.50 
.47 
.71 
.79 
Mn 
Fe 
Dist. 
Depth 
GMean 
.86  
.79 
.73 25.00 
.65 
. 60  
Carb. 
Cone. 
pH 
Cfay-
.90 
,86 16.65 
.46 
750 
Depth 
Carb. 
P H _ _  
Clay 
.85 
.63 
.51 
"73 
16.92 
TP 
AP 
AK 
GMea_n 
Mn 
Fe 
.72 
.70 
.55 24.73 
.43 
. 60  
.81  
AP 
AK 
TP 
Dist, 
.95 
.83 
.81 24.12 
.45 
H 
ro 
Ln 
P 
Mn 
Fe 
.92 
.92 15.93 
IN 
Dis^. 
pH 
.93 
4^4 
. 69' 
13.96 
Dist. 
GMean 
IN 
,93 
.65 20.45 
-.70 
pH 
Depth_ 
IN 
Clay. 
. 80  
_.46_ 21.42 
.75 
.83 
AP 
AK 
TP 
.90 
.83 15.45 
. 6 2  GMean -.86 9.83 
Dist. 
GMean 
.92 14.43 
.94 
84.41 76.44 75.68 70.54 
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Table l8. Comparisons between communallties (expressed 
as percents) of entire soil-landscape system 
and three component materials 
Non- Trans 
Var. Entire Gale. calc. sed.. 
Dist, 89.84 85.26 86.48 81.48 
Depth 71.27 75.65 85.93 64.35 
pH 87.37 88.50 89.52 70.61 
AP 88.90 67.32 70.85 91.74 
AK 86.00 79.11 80.01 82.95 
IN 58.84 89.20 71.41 57.68 
Fe 86.84 68.26 71.96 65.36 
Mn 90.08 73.23 39.21 80.21 
Clay 89.38 71.83 91.10 71.99 
GMean 89.70 80.67 63.45 38.17 
TP 81.45 55.27 82.58 71.41 
Cone. 82.95 77.34 —  —  — —  
Carb. 94.77 82.14 aa. — mm mm mm 
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The calcareous system provides an appropriate starting 
point for discussion of these results, as it most nearly 
represents the initial state in soil genesis. One factor 
dominates the set (Tables 14 and 1?). It includes 8 of the 
13 original variables, a fact that indicates little departure 
from the initial state of the soil weathering system. 
Apparently, the processes involved in separating clusters of 
variables have not had time to accomplish the job. In this 
sense, the factor represents the initial state of each vari­
able in the system. However, Fe and Mn load highly, and their 
distributions are known to have been affected by processes of 
oxidation and reduction in a former environment different from 
the present one. In this sense, the factor represents effects 
of these basic weathering processes that caused early modifi­
cations of the initial state even in the presence of carbonates. 
Inclusion of distance and percent concretions reflects the 
facts Illustrated in Figures 10, l4, and 15 that amounts of 
concretions, iron, and manganese are very low in the upper 
portion of calcareous loess and increase together in a down-
slope direction. It is not clear why AP, AK, and TP should 
load so highly. Perhaps it is due to some low-level, constant 
release of P and K into available form by a weathering 
process. Or it may be that the factor merely expresses the 
initial states of phosphorus and potassium in the calcareous 
material. 
The factor of secondary importance in the calcareous 
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system is the pedogenic factor discussed for the entire 
system. The very presence of this factor in the set implies 
that pedogenic processes that modify the initial state can 
work even in a calcareous system, though at a much reduced 
rate. Because clay enters the factor but total phosphorus 
does not, it seems fair to conclude that in a calcareous system 
the clay distribution is more subject to alteration by pedo­
genesis than the P distribution. The occurrence of percent 
carbonates in the factor accounts for the zone of carbonate 
accumulation as concretions observed in profiles 12 and 13 
(Fig. 10). 
The interpretation of factor number three is not clear. 
Because initial nitrate loads so highly, it is tempting to 
consider this as a unique IN factor. The pH loading cannot 
be ignored, however, even though almost all of the pH values 
lie within the range 8,2-8.5 (see Fig. 11), Perhaps these are 
merely further expressions of the initial state of the system, 
in which case the reason for their separation from the first 
factor is unknown. Another possibility is that the factor 
represents a pedogenic association between pH and IN which is 
distinguishable only in early stages of soil genesis. Initial 
nitrate does enter the so-called pedogenic factor jn the other two 
sub-systems as well as the entire system, and it could be that 
there is an additional pedogenic process that is related to 
the high mobility of N0^~ ions which is only evident In the 
calcareous system. The final answer awaits further research 
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on the significance of initial nitrate for pedogenesis. 
Factor number four does stand by itself and again repre­
sents the geological factor that accounts for inherited ef­
fects of loess deposition in micro-strata and subsequent bevel­
ling of these strata. These processes are quite independent 
of early stages of weathering and pedogenesis. 
For the calcareous system as a whole, 7^% of the total 
variance among descriptive characteristics is explained by 
just 4 factors (Tables l4 and 1?). One factor stands far 
above the rest; it represents mainly the initial state of the 
system plus the effects of early stages of weathering. Pedo­
genesis in the form of processes that modify the initial state 
is not absent but apparently proceeds at a slow rate, so that 
it accounts for only half as much variance as the initial 
state-weathering factor. Variance due to effects inherited 
from geological processes of loess deposition and landscape 
evolution can be distinguished from that due to effects of 
processes that tend to alter the material subsequent to 
deposition. 
The situation is quite different in non-calcareous loess 
(Tables 12 and 17). Soils in this material are the oldest 
ones in the landscape and represent the most advanced stage 
of genesis within the system. The pedogenic factor dominates 
the set to the extent that 30.5^ of the total variance among 
properties that characterize this material is due to pedologi-
cal processes. Total phosphorus is included in the pedogenic 
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factor whereas it was absent from the analogous factor in 
calcareous loess. One effect of carbonate removal thus 
appears to be an increase in phosphorus mobility. The dif­
ference in phosphorus behavior is also indicated by the 
communalities (Table 18), which show that only of its 
variance is explained by all factors in calcareous loess 
whereas 82.6^ of it is accounted for in the non-calcareous 
system. 
The factor of secondary importance in non-calcareous 
loess is the initial state-weathering factor. Variables in­
cluded duplicate almost exactly those in the same factor for 
calcareous loess. The soils, despite being the oldest within 
the soil-landscape system, do not have argillic horizons as 
defined by the Soil Survey Staff (I96O), and they are still 
only minimally developed as compared to a soil like Seymour 
that has a well-developed argillic horizon. Inherited effects 
of the initial state of each variable have not been completely 
masked by pedogenesis and are represented by this second fac­
tor. Total phosphorus best illustrates this effect. Even 
though it enters the pedogenic factor, holdover effects from 
the initial state are indicated by its presence in factor 
number two. The presence of geometric mean in this factor 
may indicate that the particle size distribution has been 
altered by weathering, and it may account for the somewhat 
more systematic distribution of geometric mean observed in 
the upper portions of soils at sites 1 to 7 (Fig. 12). 
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The third factor is again the geologic factor combined 
with the initial nitrate anomaly. In a way, it combines the 
third and fourth factors of the calcareous system, but the 
relationship of distance to initial nitrate is opposite in 
the two materials. Perhaps the most significant aspect of this 
factor is that it alone includes the variable distance from 
summit, Pedogenic processes represented by the first factor 
apparently have proceeded to nearly the same extent in all the 
soils developed in non-calcareous loess. The major reason for 
variation from place to place is due to characteristics in­
herited from the manner in which the original material was 
deposited. According to the model of landscape evolution 
(Fig, 8), the initial 14,000-year surface was stable in this 
part of the landscape until only I8OO years ago. Changes that 
resulted from pedogenesis during the longer span of time before 
1800 years b.p. have been little modified since. The effects 
of previous pedogenic processes are almost independent of 
present slope features as expressed by distance from summit. 
The implications of factor analysis of calcareous vs. non-
calcareous material warrant further emphasis. The analysis in­
dicates that the same kinds of factors are responsible for ob­
served correlations in both systems, but that the relative 
strengths of the processes represented change markedly from 
one system to the other (see Table 1?)• In early stages of 
soil development, observed relationships are due mainly to 
unmodified associations between variables, though some 
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alterations by weathering affect the results. As carbonates 
are removed, clay and phosphorus become more subject to 
pedogenic alteration, and the pedogenic processes represented 
by one of the major factorsbecome most responsible for ob­
served relationships. The relative magnitudes of variance 
extracted by each factor provide a semi-quantitative estimate 
of how far along the path of genetic development a soil has 
travelled. In both systems, a third factor demonstrates the 
existence of inherited effects related to geologic processes 
involved in landscape evolution. Thus the principal components 
analysis not only permitted separation of strictly geologic 
processes but also provided estimates of how much of the 
common variance was due to each process. This result alone 
could be one of the more important contributions of factor 
analysis to soil genesis research. 
Factor loadings in transported sediments (Tables 16 and 
17) are more difficult to interpret. The first factor is 
loaded most heavily with iron and manganese, and in that re­
spect it is somewhat analogous to the initial state-weathering 
factor. However, both distance and depth are included, in­
dicating that within the system of transported materials there 
is a tendency for both Fe and Kn to increase toward the bottom 
of the hillslope and with depth in the alluvium. This sug­
gests the factor may deal more with the sedimentation process 
than with weathering per se. The second factor is also re­
lated to factors indicative of an Initial state-weathering 
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effect in previous systems. The reason for its separation 
in the alluvial system is not clear, though it is probably 
not a plant recycling effect as suggested for factor number 
four of the entire system. The pedogenic factor representing 
processes of profile redistribution is again present, but it 
is sub-dominant to two other factors, both of which probably 
deal with source of material and mode of deposition rather 
than pedogenesis. The very low comraunality for geometric mean 
(0.38, as in Table I6) suggests there might be another factor 
in which this variable would load heavily, perhaps by itself. 
Such a factor would be most indicative of a sorting process, 
largely through the effects of down-valley transport. 
Comparison of factor analysis of the entire system with 
analyses of each component material (Table I7) indicates that 
there was indeed a tendency to average the effects of factors 
in separate systems. This is particularly true for the fourth 
factor (AP, AK, TP)« The original interpretation is probably 
not valid and represents an artificial effect introduced by 
combining different interpretations from different materials. 
On the other hand, that factor designated as a pedogenic fac­
tor is repeated in all three subsystems. It is not surprising 
that its presence in the entire system accounts for more vari­
ance than any other factor. Communalities (Table 18) for 
variables in the entire system are in some cases most like 
those of corresponding variables in calcareous loess, in other 
cases similar to analogs in non-calcareous loess, and in still 
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others more like those in transported sediments. This, too, 
indicates that the analysis of the entire system combines 
characteristics of all three subsystems, thereby masking 
certain implications. 
As a tool for soil genesis research, factor analysis 
could be potentially quite useful, but there are also certain 
limitations to its applicability. One advantage is that it 
takes into account measurements of all variables on all 
samples and does not depend on relating specific variables to 
others in the set, as is the case in routine multiple regres­
sion techniques. Another is that it generates a smaller set 
of significant parameters that are derived from the data and 
still encompass all the original variables. These parameters 
are defined in terms of important associations between the 
original variables, and the nature of these associations, 
i.e., the factor patterns, leads to interpretations in terms 
of basic processes or states of soil genesis. Thus it was 
possible to analytically separate certain effects of pedogenic 
processes from effects of basic geological processes that 
were inherited by the modern soils. The relative strengths 
of these fundamental processes were indicated for each portion 
of the soil-landscape system by the percent of the total 
variance in the original data accounted for. 
One major limitation of factor analysis as used in this 
study is that only linear relationships expressed by the orig­
inal correlation matrix are considered. Significant 
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curvilinear associations might be overlooked if the linear 
trends of the non-linear relationships were non-significant. 
For example, the depth distributions of both clay and TP 
are quite systematic but are not linear (see Figs. 13 and 
16). If the linear trend had indicated a constant value of 
clay and/or TP at all depths, these variables would likely 
not have been associated in one factor with the variable of 
depth. Interpretation of a pedogenic factor might have been 
precluded, yet these distributions are quite clearly the 
result of pedogenic modifications. The implication of this 
potential situation Is that factor analysis of a different 
set of data from a different soil-landscape system might 
produce different associations between variables and lead, to 
somewhat different interpretations. Consequently, these 
initial Interpretations should not be considered conclusive 
until many more sets of data have been analyzed to validate, 
modify, or reject them. 
Another limitation is the number of observations re­
quired to make a meaningful analysis. According to J. A. 
Walsh (Iowa State University, Ames, Iowa, private communica­
tion, 1969), a working rule of thumb is that the minimum 
number of observations should be 5 to 10 times as great as 
the number of variables measured. Even this rule was broken 
in the case of calcareous loess, but the analysis was con­
sidered Justified Inasmuch as this was an initial 
attempt and part of the reason for doing the factor 
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analysis was to assess its potential for soil genesis re­
search. This limitation may have been partly responsible 
for the inability to make clear interpretations of factor 
loadings for the alluvial system. Data to be presented in 
the next section show that the material called transported 
sediments is not homogeneous but consists of four somewhat 
different components. The number of samples of each one was 
too small to permit separate factor analysis, but factor 
interpretations nevertheless may have been confounded by 
lumping all four materials into one group. 
Genetic Models 
Detailed examination of the soil-landscape system in­
dicated the presence of not 3 but 7 different, but related, 
component materials. A subdivision of non-calcareous loess 
was made on the basis of pH. Calcareous loess was not sub­
divided, but the zone of leached soil overlying calcareous 
loess in the backslope was considered as pedisediment, and 
therefore was included as one of the four components of 
transported sediments. The alluvial fill itself was divided 
into three zones on the basis of Pe, Mn, AK, AP, and TP 
distributions. Physical and chemical characteristics of each 
of the 7 materials are summarized in Table 19 as means and 
standard deviations of all the variables measured. The 
position in the soil-landscape system where each occurs is 
shown in Figure 21. 
Table 19. Means (upper figures) and standard deviations (lower figures) of properties measured 
in each of the seven materials of the soil-landscape system 
AP AK IN Fe Mn Clay GMean TP Cone. Carb. 
Material pH (ppm) (ppm) (ppra) (%) (%) (%) (p) (ppm; (%) (%) 
Non-calc. 6.03 9.93 125.40 10.64 1.21 0.088 30.3 20.8 630 
pH<6.4 0.22 6.29 96.57 5.64 0.07 .004 1.04 0.69 51 
Non-calc. 7.09 6.10 24.11 7.16 1.28 0.094 26.8 20.2 637 
pH >6.4 0.22 2.45 4.65 3.54 0.08 .012 2.73 0.80 88 
Calcareous 8.25 2.39 23.96 5.18 0.91 0.067 20.6 21.2 719 1.0 6.6 
0.22 1.08 3.11 2.93 0.54 .052 1.52 0.89 46 2.2 3.4 
Pedi- 6.75 4.53 42.42 6.92 0.88 0.070 28.4 21.7 624 
sediment 0.29 2.08 35.59 4.49 0.24 .035 2.09 0.51 37 
Fill (1) 6.96 1.67 20.17 6.94 1.61 0.151 27.5 22.3 599 
0.14 0.53 1.47 3.18 0.20 .022 0.81 0.19 65 
Fill (2) 6.81 5.33 39.26 8.26 1.16 0.106 28.7 23.2 546 
0.21 2.70 19.18 4.06 0.07 .016 1.14 0.60 54 
Fill (3) 6.43 23.32 196.42 10,08 1.13 0.096 28.6 22.6 704 
0.27 14.71 110.99 3.71 0.06 .017 1.34 0.73 94 
Fig. 21, Locations in the soil-landscape system at the Cut 
39 site of the 7 component materials that were 
identified in the system 
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The Initial state of soil genesis is most nearly repre­
sented by the calcareous system. Carbonates have not been 
leached, and the distributions of clay and phosphorus are 
nearly constant. Under the restraints imposed by the presence 
of carbonates, it appears that clay is relatively more subject 
to pedogenic alterations of its profile distribution than 
phosphorus, though the rate of such alteration is probably 
quite slow. Iron and manganese apparently were at one time 
quite mobile in response to varying conditions of oxidation 
and reduction, conditions that can be quite independent of 
the presence of carbonates. As long as carbonates are present 
in the system, the order in which variables of the system are 
affected by processes that alter their initial states might 
be: Mn> Fe> clay> P. 
The most advanced state of soil genesis within this soil-
landscape system is represented by the non-calcareous loess. 
This material can be subdivided into two segments: that which 
is more acid than pH 6.4 and that which is less acid than pH 
6.4. The first group represents the surface Increment, which 
varies in thickness from 8 to l6 inches. It is the zone of 
strongest pedogenic modification, due in part to the greatest 
intensity of leaching and the strongest influence of plant 
roots and recycling. The clay content reaches a maximum in 
this zone while pH, AP, TP, and AK all decrease rather 
sharply. Below this surficial increment, where the pH ex­
ceeds 6.4, the soil is increasingly less modified with depth. 
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Carbonates have been completely removed, but the intensity 
of leaching decreases and pH increases. Clay content de­
creases as a result of slower rates of pedogenic processes 
of clay formation at greater depth. An exception is the 
behavior of total phosphorus, which continues to move down­
ward toward a maximum at a depth of about 6 feet. Iron and 
manganese appear to have nearly uniform distributions with 
depth. The initial state for these elements probably is not 
represented by the calcareous system, which was affected by 
early weathering processes that did not occur in non-
calcareous loess. Rather the initial state probably was one 
of essentially uniform distribution. The faint indication 
of a broad accumulation zone in the free Pe distribution 
(Fig. l4) may be the result of a pedogenic effect in which 
free Fe in a well-aerated system tends to be associated with 
the clay distribution (Daniels, Brasfield, and Eiecken, 1962; 
Runge and de Leon, I960). However, correlation coefficients 
(Table 11) between Fe, Mn, and clay are all quite low, in­
dicating the degree of association is not large in this soil-
landscape system. In this most advanced state of the system, 
where carbonates have been leached, the order in which certain 
soil constituents might respond to pedogenic modifications 
might be: P > clay> Mn> Fe. 
Stages of soil genesis intermediate between the initial 
state, represented by calcareous loess, and the most advanced 
state, represented by non-calcareous loess, are not present in 
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the soil-landscape system. Soils on the slope between the 
summit (advanced state) and backslope (initial state) can not 
even be considered as having an intermediate effective age. 
Prior to 1800 years ago these soils were subjected to the 
same processes of soil genesis for the same length of time 
at nearly the same intensity as the summit soils. When ero-
sional stripping of the shoulder began, the soils did not 
become effectively younger, but were Influenced by the inter­
action between the processes of vertical profile differentia­
tion and simultaneous lowering of the surface. The model for 
this interaction is one in which the soil surface is the frame 
of reference for vertical processes, and this frame of refer­
ence itself advances vertically downward. This model will be 
examined in greater detail with respect to the leaching process 
as it affects removal of carbonates. 
Consider first a stable system in which the frame of 
reference, the soil surface, remains fixed. The amount, A, 
of carbonates remaining at any point in the soil at any time 
is a function of both depth and time: 
A = f(x,t). 1. 
The variable x represents depth below the soil surface frame 
of reference. It is not a truly functional variable but takes 
into account such factors as the amount of water passing a 
point, the C0^~ concentration in the water, and the partial 
pressure of COg in the soil atmosphere at a point. 
The rate of carbonate loss from a fixed depth is the 
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partial derivative of equation 1 with respect to time: 
- if = 2. 
If this function were known, integration of the rate equation 
would yield the distribution function for the amount of car­
bonates through time at a specified depth. The constant of 
integration could be evaluated using t = 0, at which time the 
amount of carbonates were presumably the same at all depths 
(the initial state). 
The rate of change of the amount of carbonates with depth 
at a specified time is the partial derivative of equation 1 
with respect to x; 
## = 3-
Integration of this equation would yield the depth distribution 
at a given time. The constant of integration would depend on 
the particular time in question. Prom the integration of 
equation 2, the amount of carbonate at x = 0 could be determined 
for that particular time. This amount, together with x = 0 
and the time specified, would permit evaluation of the constant. 
If both rate equations were known, then the overall expression 
relating the amount of carbonates to position in the soil and 
time would be: 
A = -/f«(x,t)^^t + + C 4. 
In the unstable system, the frame of reference is itself 
moving downward, A third variable, y, is needed to express the 
position of the present surface with respect to the initial 
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surface. The depth variable, x, still represents depth be­
neath the original surface. Since y is also a function of 
time, the rate of surface lowering may be represented by the 
differential : 
It = 8'(t) 5. 
Integration of this equation would describe the amount of 
surface lowering at any time after erosion began. The con­
stant of integration would be evaluated using y = 0 at the 
time erosion started. The overall equation relating amount 
of carbonate to position and time would then be: 
A = -/f'(x,t)^^t + yf'(x,t)^àx + J'g«(t)dt + K 6. 
Unfortunately, details of these rate equations are not known 
and the analysis ends at this point. 
Genetic models for evolution of the clay system or the 
phosphorus system could be developed in a similar way. Where 
a portion of the solum developed on an early surface has been 
stripped away by a new cycle of erosion, the model is one of 
simultaneous interaction between surface lowering and profile 
genesis. The essential question is, if a process occurred at 
some rate at a given depth below the initial surface, at what 
rate will it proceed at the same point, which is now at a 
different depth relative to the new surface? The question 
cannot be answered by this study. Perhaps laboratory models 
of simulated processes may provide the best technique for 
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appraising these effects. 
The system of transported sediments consists of four 
subsystems, each represented by too few samples to permit 
separate factor analysis. The first is pedisediment, a 
water-worked, leached material overlying calcareous loess 
and represented by holes 8 to 11 (see Fig. 21). Pipestem 
remnants in this material indicate it may have been derived 
from material like that beneath. Iron and manganese values 
are most nearly akin to those in the upper deoxidized loess. 
The geometric mean (Table 19) is slightly higher than under­
lying material, indicating some selective removal of finer 
particles, leaving a slightly coarser sediment. Apparently 
the material was modified by water moving downslope during 
evolution of the present landscape and represents a lag con­
centrate of slightly coarser material. Carbonates probably 
were removed partly by lateral leaching and partly by vertical 
leaching. The parent material of the soils that occupy this 
portion of the backslope probably was originally deoxidized 
loess, but the processes that differentiated the upper material 
from the lower were primarily geologic, not pédologie. 
Between holes 11 and 12 the pedisediment merges with 
alluvial fill. The basis for separating Fill (1) from the rest 
of the material is shown in Figure 22, Its distinguishing 
characteristic is a notably higher content of Fe and Mn. It 
immediately overlies the basal erosion surface, indicating that 
it may have been the initial increment of alluvium. Early 
Fig. 22, Scatter diagram of free Fe vs. clay for all samples of alluvial Fill. 
Samples included in Fill (1) lie within the enclosed area 
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stages of erosion probably operated mainly low on the hill-
slope (Ruhe, Daniels, and Cady, 196?), and Fill (1) probably 
was derived from the lower portion of calcareous loess, where 
Fe and Mn contents are the highest. Fill (2) is a more or 
less 'normal' fill consisting of sediments apparently derived 
mainly from the middle and upper parts of the hill as erosion 
surfaces worked upslope. Fill (3) is that portion in the 
center of the waterway that is relatively high in AP and AK 
(Figs. 17 and l8). It is not clear whether these sediments 
are themselves truly different and have a different source 
area or whether differences in the water regime and chemical 
composition of percolating water produced these conditions. 
Genetic models for alluvial systems have been proposed 
and discussed by Riecken and Poetsch (i960) and Jenny (I962). 
On a given surface, an A horizon begins to form, but sub­
sequent alluviation buries this material so that it represents 
the C horizon of the next higher surface. Under conditions of 
continuous sedimentation, a model analogous to equation 6 may 
be applicable except with reversed signs. The present surface 
is rising above the initial surface, and processes occurring 
at a given depth below any particular surface are displaced 
to greater depths as more material fills the valley. However, 
the process of selective down-valley transport adds a compli­
cating factor to the model. Not all the sediment carried down 
from the hillslope remains where it is deposited, but some, 
particularly the finer particles, is carried downstream. This 
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process accounts for higher values of geometric mean observed 
in the alluvium and for orientation of micro-strata more near­
ly parallel to the basal erosion surface than the buried 
Sangamon surface (Fig. 4), In general, some material may be 
received from upstream as well, but this is probably unim­
portant at the Cut 39 site as it is very close to the head of 
the waterway. The effects are not limited to the center of 
the waterway but occur to some degree on the lower footslope 
as well. The rate of accumulation of alluvium is the differ­
ence between the rate of hillslope erosion and the rate of 
down-valley transport (Table 2). The complexity added to 
the model by this down-valley process may be a significant 
factor in determining the rate at which processes of vertical 
profile differentiation can occur. 
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IMPLICATIONS FOR SOIL CLASSIFICATION 
Classification, by itself, does not add to the knowledge 
of soils (Marbut, 192?). Rather it synthesizes and organizes 
current knowledge to show relationships between soils and to 
permit the making of predictions about them (Marbut, 1927; 
Cline, 1963; Kellogg, I963). Although classification of the 
soils within the Cut 39 soil-landscape system was not one of 
the primary objectives of this study, the impact of the inter­
actions between geologic and pédologie processes on soil 
classification at Cut 39 are worthy of some discussion. 
Pertinent to this discussion is a brief review of some of the 
more significant developments in soil classification in the 
U.S. 
Whitney's (I909) early classification used broad geologi­
cal formations as a starting point, but he and other early 
field soil scientists (e.g. Marean and Jones, 1904a,b) recog­
nized certain other properties of the soils themselves over and 
above the basic geological aspects. Then Marbut (1920) listed 
first 8 and later 10 (Marbut, 1922) features of soil profiles 
that differentiated one from another. Along with this came 
the emphasis on soil as a natural body worthy of study in its 
own right and the concept of the normal soil (Marbut, 192?). 
Marbut (192?) outlined the first general soil classification 
scheme based on properties of the soil itself and later (Marbut, 
1935) wrote in detail about his concepts of soils of the United 
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States and their classification according to this scheme. 
Only three years later Marbut's scheme was revised and 
published as the new classification system of the U.S. 
(Baldwin, Kellogg, and Thorp, 1938). The concept of zonality 
in this scheme was criticized by Thorp and Smith (19^9), who 
also made an attempt to update the system by incorporating 
certain revisions of the higher categories. Kellogg (1963) 
described some of the weaknesses that still existed which led 
to àn effort that began in 1951 to devise an entirely new 
system. Taxonomic classes of the new system were defined in 
terms of soil properties (Smith, I963), as were the classes of 
Marbut's (1927; 1935) original scheme. However, the system 
was supposedly based on soil genesis, that is an effort was 
made to group soils having the same genesis in the same class 
(Cline, 1963; Smith, I963). Soil genesis per se remained one 
step removed from the criteria definitive of taxonomic 
classes, but the system was fully intended to be interpretable 
in terms of genetic processes (Kellogg, I963). 
The role of geology in the study and understanding of 
soil genesis and classification has changed considerably since 
soil survey work began in the United States, During Whitney's 
time, geological relationships were an important consideration. 
Then Marbut (1927; 1935). in his effort to establish the study 
of soil as a science of its own, de-emphasized the relation­
ship between soils and the geological formations from which 
they developed to the extent that many soil properties related 
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to geologic processes were not considered in soil classifi­
cation. He probably would have been less emphatic about sever­
ing ties to geology if he could have foreseen the far-reaching 
effects of his work. The concept of the normal soil occupying 
a position in the middle of a sideslope has been attributed 
to him, but perhaps wrongly so, for he once indicated (Marbut, 
1928) that the most mature soil of a region occupied the up­
lands between streams. Later on, Ableiter (19^9) noted the 
underemphasis of geology relative to other soil-forming factors 
and indicated that relationships between georaorphological 
changes and soil formation should be given further considera­
tion. Now, due to Ruhe's work in Iowa (summarized by Ruhe, 
1969)1 the importance of understanding geological processes 
and their effects on the genesis of soils on the modern land­
scape has been clearly demonstrated. 
In spite of these developments, the effects of geologic 
processes and their interactions with situ pedogenic 
processes are not specifically recognized in the new classifi­
cation system. They are included to a certain extent in soil 
phases, which were introduced in 1937 (Kellogg, 1937) as units 
outside of the taxonomic system for making additional distinc­
tions significant to man's use and management. Classes of 
slope gradient indicated a landscape feature and classes of 
soil erosion expressed the effects of a geologic process. 
These classes made separations within a taxonomic series, which 
implies the genesis of different phases should be the same as 
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that of the parent series. At the Cut 39 site, the models of 
landscape evolution (Chapter 3) and soil genesis (Chapter 5) 
indicate that soils in different positions of the modern land­
scape have different modes of genesis. Here the use of phases 
is inappropriate, a situation which could apply to much of 
southwestern Iowa. 
The implications of the landscape evolution and soil 
genesis models for classification of the l6 sites in T2 are 
drawn from Table 20. Each site was classified four ways; 
by series (Daniels, 1957)» by sub-group in the Seventh Approxi­
mation (Soil Survey Staff, i960) and one of its supplements 
(Soil Survey Staff, I967), by landscape position, and by in­
ferred genetic process. Classification by the last two cri­
teria agree almost exactly. If soil genesis is to be Inferred 
from the taxonomic system, the criterion of landscape position 
could be one of the most useful of all. Present sub-group 
classes are not completely satisfactory for making separations 
having genetic significance. In particular, two different 
areas of the landscape fall in the same sub-group (Typlc 
Hapludoll), yet they have rather different modes of genesis. 
Phase separations within the Monona series may be valid on 
the shoulder, but the different genetic process for the soil 
called Monona at hole 11 demands a different series name. 
The first three holes of the traverse represent the sum­
mit landscape position. The soil here has been formed as the 
result of pedogenlc processes of vertical redistribution. 
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Table 20. Comparative classifications of the 16 soil profiles in the 
center traverse 
Soil Series 
(Daniel's 
1957) 
Suborder of 
Seventh 
Approximation 
Landscape 
Position Genetic Process 
Marshall 
1% 
Monona 
6% 
Monona 
12% 
Monona-
Dow 
Intergrade 
12% 
Monona 
12% 
Napier 
7% 
Napier 
3% 
1 
2 
3 
4 
5_ 
6 
7_ 
~8 
9. 
10 
11 
-15 
16 
Typic 
Hapludoll 
Dystric 
Eutrochrept 
Typic 
Eutrochrept 
Typic 
1 
2 
3 
4 
.5 
6 
7_ 
8 
9 
Aquic 
Eutrochrept 
10 
11 
Cumulic 
Hapludoll 
15 
Summit 
Upper 
Shoulder 
Lower 
Shoulder 
Upper 
Backslope 
Lower 
12 Eutrochrept 12 Backs lope 
13 13 Upper 
Typic Footslope 
14 Hapludoll 14 
Lower 
Footslope 
16 Toeslope 
Vertical 
Redistributions of 
Soil Constituents 
1 
2 
3 
4 
Interaction between 
5 vertical redistri­
bution and surface 
6 lowering by erosion 
New cycle in 
pedisediment 
over 
10 calcareous loess 
11 
12 
13_ 
14 
15 
16" 
New cycle in 
transition from 
pedisediment to 
fill 
Interaction between 
vertical redistribu­
tion and accumula­
tion of sediments 
Accumulation of 
AP and AK 
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Each profile classifies as Typlc Hapludoll, a sub-group 
appropriate for either the Marshall or Monona series. In 
fact, the soil is borderline between the two. The pH values 
are more like those of Monona, but the textures and degree of 
horizon development are more like those of Marshall. Assum­
ing that the genetic process is the same for both series and 
that the only difference between them is the intensity of the 
process, then it would be appropriate to call this soil a 
Marshall-Monona transition. All the important characteristics 
as well as the kind and relative intensity of the genetic 
processes have been transmitted. 
Holes four and five represent the upper shoulder where, 
according to the landscape evolution model of Figure 8, the 
process of vertical modification has been confounded by 
simultaneous surface lowering in recent years. The genesis 
of the current soils is different from, but highly related to, 
that of the summit soils. These upper shoulder soils developed 
just as the Marshall-Monona soils did from 1^,000 years b.p. 
to 1800 years b.p. They differ now only because of the effects 
of an additional process superimposed during the last IBOO 
years. The close relationship to summit soils justifies 
classification in the same sub-group, though the actual classi­
fication at this site is affected by accumulation of fence-
row sediments which impart to the soils an overthlckened 
mollic epipedon. It is Impossible to determine whether 
undisturbed soils in this position would have had mollic 
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epipedons, but assuming they would, recognition of the 
genetic difference only at the series level would be appro­
priate. The Monona series is not applicable, even as a slop­
ing phase, because of the genetic differences over and above 
those differences from Monona soils on summits that are sig­
nificant to man. A new series name should be used. 
Holes six and seven represent an extension of the situa­
tion just described. Here on the lower shoulder the stripping 
process has apparently been more intense (Fig. 8), and a great­
er portion of the original effects of pedogenesis have been re­
moved. Clay maxima have the same magnitudes as in summit and 
upper shoulder soils but occur nearer the surface. This could 
be interpreted as evidence for an erosion process that stripped 
much of the original A horizon, leaving a former zone of 
maximum clay content higher in the present profile. It could 
also be interpreted as evidence that processes of clay forma­
tion and translocation occur in surface increments during early 
stages of pedogenesis and only result in subsoil zones of clay 
accumulation at later stages. This hypothesis is supported by 
data of Foth and Riecken (195^)» who found that zones of clay 
maxima in soils of northwestern Iowa similar in age to the 
summit soil at the Cut 39 site are not in the B horizon but 
in the lower A horizon, and by Shrader (1950), who showed that 
the depth to the clay maximum does increase with soil develop­
ment up to a point. Whichever process is involved, the result 
is an insufficient thickness of molllc epipedon to classify 
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the soils as Mollisols. If the real reason is merely recent 
erosional removal of some of the former A horizon, then the 
genetic process is basically the same as in the upper shoul­
der and the classification should be the same as for those 
soils. If, however, most of the former pedogenic effects 
have been removed, and the landscape model (Fig. 8) indicates 
this is the case, then observed clay maxima are related to 
processes operating within relatively fresh oxidized and 
leached, loess during the last 1800 years. In this case classi­
fication in the Inceptisol order may be acceptable, and another 
new series name would be required. The original phase separa­
tions (Daniels, 1957) are wholly inadequate to express the 
differences involved. 
There is little doubt that all effects of a former pedo­
genic cycle have been removed in the upper backslope position 
(holes 8 to 10). A new cycle of pedogenesis is underway. 
Classification in the Inceptisol order is probably satisfactory, 
though it is doubtful that the name Typic Eutrochrept implies 
a mode of genesis where the upper part of the profile was 
differentiated mainly by lateral leaching and slope wash in­
stead of by vertical processes, Daniels (1957) recognized that 
the amount of leached material above calcareous loess was too 
thick to classify the soil in the Dow series, an Entisol. He 
coined, the term Monona-Dow Intergrade, but this, too, is 
probably inadequate, as the genesis is not a combination of 
the separate processes responsible for each. Classification 
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of hole 10 in the aquic sub-group is due to a local condition 
where mottles occur higher in the solum. However, these 
mottles may be relict and not indicative of current wetness. 
Strict application of the rules of the Seventh Approximation 
leads to an incorrect inference concerning this soil and its 
genesis. This situation is an example of one of the problems 
encountered with such complete objectivity and dependence on 
profile characteristics and exclusion of the reasons under­
lying observed characteristics and their significance in a 
specific soil. 
The lower backslope (holes 11 and 12) is a transition 
zone where pedisediment merges with alluvial fill and where 
the present surface intersects projected former positions of 
older erosion surfaces (Pig. 8). If pedogenesis had pro­
ceeded to any measureable extent in this position on former 
surfaces, some of these effects could be inherited. The 
current soils extend into the lower calcareous zone where 
processes of accumulation of carbonates, Fe, and Mn in con­
cretions have been most active, though quite probably in a 
former environment unlike that of the present. Surface 
materials were differentiated by lateral leaching, slope wash, 
and sedimentation. The genesis is a complicated set of inter­
actions and is probably Inadequately represented by the name 
Typic Eutrochrept. Certainly the genesis is more complicated 
and different from soils in the upper backslope, also called 
Typic Eutrochrepts. In Daniels» (1957) original work, these 
158 
soils were classified in the Monona series, as were those on 
the shoulder. Disregarding for a moment the fact that Monona 
may be the improper name for soils on the shoulder, it is 
certainly true that the genesis of the upper Monona varies 
from that of the lower Monona. Even though he recognized that 
the landscape position was different, that the lower Monona 
was developed partly in calcareous loess that contained con­
cretions, and that the clay content and base saturation dif­
fered in the calcareous material, he apparently based the 
classification on morphologic and chemical similarity in the 
leached part of the solum only. A truly genetic classification 
should recognize these differences in modes of genesis and 
separate them, probably at a level higher than the series. 
Holes 13 and l4 represent the upper footslope where the 
alluvium thickens with distance at a rapid rate. The genetic 
model of vertical differentiation interacting with surface 
accumulations is operative. Where the alluvium is thin, the 
solum extends across the discontinuity into loess beneath it. 
Classification as Typic Hapludoll reflects primarily the 
presence of a thick dark zone that qualifies as a mollic 
epipedon. It does not take into account the fact that the soil 
may not have been significantly altered by pedogenesis but 
merely inherited characteristics of the area from which the 
sediments were derived. If one is willing to allow these 
genetic differences to be separated at the series level, then 
classification in the same sub-group as summit soils may be 
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acceptable. It seems preferable to separate differences as 
basic as loess in place vs. loess-derived alluvium and the 
vertical redistribution model vs. the redistribution-
accumulation model at some higher level. Classification as 
the Napier series is not correct according to the Seventh 
Approximation, as Napier is currently restricted to the 
cumulic sub-group. 
The lower footslope extends from hole l4 to midway be­
tween holes 15 and I6. The alluvial fill is relatively deep, 
and the genetic model of simultaneous interaction between 
vertical redistribution, surface accumulation, and down-
valley transport is operative. Classification in the cumulic 
sub-group of Hapludolls may be quite adequate to communicate 
this information. The Napier series, as mapped, is also 
appropriate. The toeslope position represented by hole I6 
could remain in this group if it were not for the peculiar 
situation in the waterway center. The remarkably high values 
for AP, AK, and TP suggest that there may be some fundamental 
difference in soil genesis that separates the soils in this 
position from all others in the soil-landscape system. Until 
more is known about this anomaly, however, it is probably 
best to include this soil with those of the lower footslope. 
For the soil-landscape system as a whole, classification 
by the rules of the Seventh Approximation has two major de­
fects. It tends to overshadow relationships known to exist 
between different soils in the landscape, and it creates by 
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implication certain relationships that do not exist. The 
scheme requires discrete individuals, and the pedon was de­
fined to create discrete things that could be placed in one 
class or another, whether or not such entities actually-
existed in nature. This has the effect of breaking the land­
scape into pieces that are put into different classes which 
may have little or no relationship to each other. Thus two 
different orders are represented in this one small soil-
landscape system, and. the association in space between the 
summit soils (Mollisols) and backslope soils (Inceptisols) 
is completely masked. An even more serious error could arise 
with respect to soils on the shoulder. If the interaction 
between geologic and pédologie processes had. been such that 
less than 10 inches of dark surface soil qualifying as a mollic 
epipedon remained, these soils would be thrown out of the 
Mollisol order. Yet their genesis has been shown to be highly 
related to that of the summit soils. Classification in either 
the Inceptisol order or the Alfisol order would depend merely 
on whether an argillic horizon had formed prior to the onset 
of the geological process. In either case, the relationship 
between summit and shoulder soils would be destroyed, and it 
would be impossible to infer the correct genesis of the 
shoulder soils from their position in the classification 
scheme. Perhaps due to the fence row's effect on sediment 
accumulation, there is sufficient mollic epipedon remaining 
at the specific site studied. However, the general situation 
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is applicable to much of southwestern Iowa where eroded 
phases have been mapped. 
Creation of non-existent relationships occurs both with 
respect to the Typic Hapludoll sub-group and the Typic 
Eutrochrept sub-group. The summit soil-landscape unit and 
the footslope unit were both classified as Typic Hapludolls. 
The soils are indeed related, since the alluvium was derived 
from loess in place higher in the system. Because of this 
they share many common properties. Yet the mode of origin 
of the footslope soils is quite different, and the relative 
strengths of geologic and pédologie processes is different 
in the two landscape positions. Furthermore, the current 
soil environment would be expected to differ from summit to 
footslope, and as the family category of the Seventh Approxi­
mation is supposed to consider environmental variations, it 
would seem appropriate to separate these soils at least at 
this level, Typic Eutrochrepts were identified in both upper 
and lower backslope positions. Aside from the fact that 
classification in the Inceptisol order may mask relationships 
pertinent to the entire soil-landscape system, the genetic 
processes even with respect to these two positions were not 
considered to be the same. In particular, the lower foot­
slope is a transition zone in which interactions between geo­
logic processes, pédologie processes, and effects inherited 
from former cycles could be quite complex. There is a rela­
tionship between upper and lower footslopes, but again the 
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environments and physiographic history differ, and it seems 
that a separation at least at the family level would be 
desirable. 
The number of distinct groups formed, by any method, is 
clearly too large to permit identification of each on soil 
maps drawn at the current scale of 4 inches = 1 mile. This 
does not affect the importance of recognizing that these 
differences in soils and their genesis exist. Most out­
standing is the very close relationship of soil differences to 
landscape position. Mappers recognize this and depend largely 
on the landscape criterion to place lines on a map. However, 
the names they apply to mapping units are predominantly phase 
designations, which have been shown to be Inappropriate for 
the hillslope at Cut 39» Perhaps this Inconsistency could be 
at least partially overcome if criteria of landscape form were 
written into the Seventh Approximation as diagnostic criteria. 
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THE SOIL-LANDSCAPE SYSTEM 
The central theme of this study revolved around the 
question of how geological and pedological processes have 
acted separately and jointly to produce the present soil-
landscape system. The shape of the soil-landscape surface 
is a function of the geological processes involved in land­
scape evolution. It is a continuous surface from the summit 
of the hill to the center of the waterway. In this sense the 
soil-landscape system is a single entity in space. Yet 
geological processes important in the history of the soil-
landscape system have produced differences that were in­
herited by the soils that developed throughout the system. 
Pedogenic modifications did not necessarily occur after 
geological processes stopped but proceeded concurrently with 
them. However, the relative effects of pedological and 
geological processes differ throughout the soil-landscape 
system. These interactions have produced a soil-landscape 
system with a unique history of development in which soil 
differences occur but are interconnected and related in a 
systematic and predictable manner. 
The first noticeable difference due to geologic processes 
is stratification in the particle size distribution of the 
loess (see Fig. 4). Where these strata are truncated by the 
modern surface, the particular size distribution of each 
stratum is inherited by the present soil. Next the processes 
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involved in weathering zone formation and landscape evolu­
tion produced three distinct, but related, materials that 
together comprise the whole soil-landscape system: non-
calcareous loess, calcareous loess, and loess-derived alluvium. 
Each material occupies a unique portion of the system, but 
they are joined through transitional zones to form one com­
plete system. Soils developed throughout the soil-landscape 
system owe their characteristics partly to inherited chemical 
and physical properties of the different materials, including 
differences in particle size strata, and partly to different 
degrees of pedogenic modifications. 
Separation of the effects of geological and pedological 
processes and estimation of the relative strengths of each 
process in the three basic materials of the system was accom­
plished by factor analysis of the data. For the two loessial 
materials, the same three factors were generated. One factor 
includes mainly Fe, Mn, TP, AP, and AK and was interpreted as 
representing the initial chemical state of each system. It 
accounts for certain properties inherited from the parent 
material and early modifications of it during weathering zone 
formation. Thus it is mainly a geological factor. In the 
calcareous material, it is the dominant factor responsible 
for observed distributions, as Indicated by the total percent 
variance in the data accounted for (Table 1?)• In the non-
calcareous portion of the system, this geologic factor is of 
secondary Importance, and another factor that includes 
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properties that have a systematic, but non-uniform, distribu­
tion with depth (e.g. pH, % clay, TP) accounts for most of 
the variance. This factor was considered to represent the 
effects of pedogenic processes that alter the initial distribu­
tions of certain soil constituents. The pedogenic factor is 
also present for the calcareous system, but it accounts for 
only half as much variance as the initial state factor. For 
both loessial materials, a third factor that includes mainly 
geometric mean was interpreted as accounting for variance due 
to inherited effects of loess stratification. It, too, is a 
geological factor. 
Loess-derived alluvium owes its origin to geological 
processes, and soil properties are largely related to their 
effects. Values of pH, clay, and Pe are similar to those in 
surface soils higher in the system (see Figs. 11, 13, l4), 
indicating the close relationship between alluvium and source 
area. Strata of particle size are present, but they are more 
nearly parallel to the erosion surface at the base of the fill 
(see Fig. 4). This fact, plus the occurrence here of the 
coarsest strata in the entire soil-landscape system, was in­
terpreted as evidence for down-valley removal of finer parti­
cles during landscape evolution. Interpretation of the results 
of factor analysis were not obvious, but the two most important 
factors were thought to represent the geological processes 
linking erosion, sedimentation, and effects inherited from the 
source area. A factor of tertiary importance accounts for 
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pedogenic modifications, and there was an Indication that 
one additional factor would separate inherited effects of 
particle size stratification due to the down-valley geological 
process. 
The detail to which the soil-landscape system was studied 
permitted identification of certain other differences within 
these three broad kinds of materials (see Table 19 and Fig. 
21). A distinction within non-calcareous loess was based on 
pH. Values less than pH 6.4 occurred in samples from the 
first 8 to l6 inches and were associated with increasing clay 
contents and decreasing amounts of TP, AP, and AK. Values 
greater than pH 6.4 occurred in the subsoil where clay con­
tents decrease and TP increases. These distinctions in the 
soil-landscape system are the result of pedogenic processes. 
Non-calcareous loess occupies the summit and upper shoulder 
portions of the soil-landscape system, positions which have 
been nearly or wholly unaffected by the geological processes 
responsible for the shape of the remainder of the soil-
landscape system (see Pig. 8), Pedogenic processes have 
operated, within the same increment of parent material since 
loess deposition ceased, and their effects on the material 
are more strongly expressed than anywhere else in the soil-
landscape system. This accounts for the dominance of the 
pedogenic factor in the set derived from factor analysis. 
Calcareous loess occurs in the backslope and was not 
subdivided. Its presence in the soil-landscape system is the 
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result of bevelling of unleached weathering zones during 
landscape evolution. Once again, detailed study of the system 
showed that calcareous loess does not outcrop right at the soil 
surface but is overlain by 12 to 20 inches of leached soil 
(see Fig. 21). Within this leached zone, average iron and 
manganese contents are similar to those in the underlying cal­
careous loess, while the average geometric mean is slightly 
greater (Table 19)• These data, coupled with the presence of 
pipestem remnants in the leached material and the almost exact 
parallelism between the surface of calcareous loess and the 
modern land surface (Pig. 21),were interpreted as evidence 
for an erosion surface overlain by hillside surficials, or 
pedisediment, both formed by geologic processes during land­
scape evolution. The slightly coarser particle size of the 
pedisediment indicates the effect of selective downslope 
removal of finer particles, leaving a slightly coarser lag 
deposit on the erosion surface. Here, then, is another geo­
logical process that has contributed to the current properties 
of the soil-landscape system. The pedisediment is leached 
probably because of the combined effects of water that moved 
downslope during landscape evolution and water that infiltrated 
and percolated vertically through the soil. It is the result 
of blending between geological and pedological processes, and 
the separate effects of each cannot be assessed in this study. 
Three different materials were identified in the alluvium 
on the basis of the distributions of Fe, AP, and AK. A zone 
168 
jpill (1^ with particularly high values of free iron occurs 
at the base of the alluvium in the upper footslope (see Pigs. 
21 and 22). The material was thought to be derived from 
erosion on the lower backslope, where free iron is concen­
trated in concretions. The process responsible for the pres­
ence of this zone of fill is primarily geological. Another 
zone of fill j^ill (2) occupies the remainder of the foot-
slope alluvium. Its chemical and physical characteristics 
are very much like those of surficial soils in non-calcareous 
loess (see Figs. 11, 13. l4, 15). By inference, the source of 
this fill is leached loess higher in the soil-landscape system, 
and the properties are mainly inherited. Again, a geological 
process is the dominant factor responsible. The third zone of 
fill jpill (3^ contains relatively high contents of AP and AK 
(see Figs. 1? and 18), It occupies the toeslope position in 
the center of the waterway. The cause of this distinction is 
not known, and the observed distributions cannot be attributed 
specifically to either a geological or a pedological process. 
The different soil series expressed in the soil-landscape 
system correspond almost exactly to the different elements of 
the landscape surface. This relationship defines the surficial 
shape of a soil series. Series shape beneath the surface is 
not as easy to define. One possibility would be to consider 
the depth of the solum as the limit of the third dimension. A 
problem then arises in delimiting the depth of the solum. With 
respect to the clay distribution it would be one thing. With 
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respect to the TP distribution, it would be something else. 
With respect to AK, it would be even different. Another pos­
sibility would be the depth to some common feature within the 
soil-landscape system that has been relatively unaltered by 
pedogenesis. Depth to carbonates could be used for all but 
the alluvial system, and the common feature there could be the 
base of the fill itself. Data from this study are insuffi­
cient to decide this question completely, but they do permit 
certain generalizations of kinds of differences in series 
shapes. 
The surficial shape of the series corresponding to the 
summit is gently convex and approximately symmetric over the 
crest of the ridge. It is linear in a lateral direction. As 
indicated above, the depth is harder to define. According to 
the model of landscape evolution (Fig. 8), pedogenesis should 
have proceeded for the same length of time at approximately 
the same intensity throughout the unit. Thus it seems reason­
able to expect the depth of this soil to be uniform. The 
surface of calcareous loess is roughly parallel to the land­
scape surface in this portion of the system and provides a 
reasonable indicator of the lower limit for the shape of the 
series. Processes involved in the observed characteristics of 
this series are primarily pedogenic, and the only geological 
effects are those inherited from the initial state of the 
material and the stratified variations in particle size. 
The soil-landscape unit corresponding to the shoulder has 
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a convex surficial shape whose gradient increases in a down-
slope direction from 2.% to about 10^, The lateral shape is 
linear. Its depth is a function of the interaction between 
geologic and pédologie processes operating throughout the 
extent of the downslope dimension. Between 14,000 and 1800 
years ago, modifications of the non-calcareous parent material 
were entirely pedogenic, and. the soils developed along the 
same genetic pathway as soils on the summit (Fig. 8), During 
the latest erosion cycle, the present shoulder element was 
formed by removal of differential amounts of the former soil-
landscape system, the amount being the least at the upper 
extremity of the shoulder and. the most at the lower extremity. 
Some of the effects of the previous pedogenic cycle were re­
moved, but it is unlikely that pedogenesis ceased, when ero-
sional stripping began. Rather, pedogenic processes continued 
to operate beneath a constantly changing surface. High on the 
shoulder, the position least affected by the geologic process, 
the soil is quite similar to the summit soils and the depth of 
the soil is relatively great. Low on the shoulder, nearly all 
former pedogenic effects may have been removed, and the major 
pedogenic modifications are those that happened concurrent with 
and subsequent to the most recent erosion cycle. Here the 
depth of the soil-landscape unit is relatively shallow. Land­
scape positions between these two extremes are affected by an 
interaction that changes gradually and continually in the direc­
tion of an increase for geological processes and a decrease 
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for pedological processes. The third dimension of the soil-
landscape unit decreases continually in a downslope direction. 
The entire shoulder soil-landscape unit is a transition zone 
of continuous change from the oldest part of the system (the 
summit) to the youngest part (the backslope). It has broader 
ranges in slope gradient and degree of development than the 
summit soil, but it is related to the summit by the same kinds 
of processes operating in similar material over nearly the 
same length of time. Differences are due to differences in 
landscape position which are a function of landscape evolution. 
Most of the backslope portion of the soil-landscape system 
forms another relatively homogeneous soil unit. The surficial 
shape is linear to slightly convex in a downslope direction 
with gradients ranging from 10 to 12^. The depth of the soil, 
taken as the depth to calcareous loess, would be relatively 
shallow and equal in magnitude throughout all portions of this 
soil-landscape unit. However, the calcareous material is an 
integral part of the soil-landscape system and cannot be ex­
cluded from the series shape in the backslope. The criterion 
of depth to calcareous loess as the lower limit of the soils 
is not valid, as some pedogenic processes have modified and 
are still modifying the calcareous material. It may be true 
that the depth of the backslope unit is relatively constant, 
but the boundary lies deeper than the discontinuity between 
pedisediment and calcareous loess. During landscape evolution, 
essentially all effects of pedogenesis with respect to former 
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landscapes were removed (see Fig. 8), and as the latest ero­
sion cycle may have ended as little as 250 years ago, the age 
of this soil is much less than that of the summit soils. 
Hence the effects of pedogenesis, as indicated by the factor 
analysis, are considerably less noticeable than properites in­
herited as the initial state of the system. 
Another transition zone occurs in the lower backslope and. 
upper foot slope. The shape is linear grading to concave, and. 
slope gradients decrease from 11% to 8%, In this zone, pedi-
sediment merges with alluvial fill, the calcareous loess grades 
from deoxidized to oxidized, and. depth to carbonates begins to 
increase as the thickness of alluvium increases. In this zone 
also the modern surface intersects former surfaces projected 
according to the assumed model of landscape evolution (Fig. 8). 
Consequently, some modifications due to pedogenesis relative 
to former surfaces may be inherited. Data from this study are 
not sufficient to separate all the possible factors that have 
contributed to observed characteristics. The genesis in this 
portion of the soil-landscape system is probably as complex or 
more so than in any other soil-landscape element, and this 
fact should be accepted in the definition of the associated 
soil series. As for the shoulder transition soil, ranges 
should be broader for many characteristics to indicate the 
nature of the soil as a transition between two more homogeneous 
elements of the soil-landscape system. 
The footslope soil-landscape unit is similar to a mirror 
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image of the shoulder unit with respect to its shape. It is 
concave dovmslope with gradients decreasing from 8^ to about 
3^. The lateral shape is linear and the depth increases as 
fill thickness increases. The genesis is also an interaction 
between geological and pedological processes, but here the 
geological effects are dominant. Many soil properties are 
inherited effects of the geological processes of erosion from 
the hillslope, sedimentation in the gully, and down-valley re­
moval of finer particles. That some pedogenesis has occurred 
is indicated by the factor analysis, but the pedogenic factor 
is quite subdominant to two other factors that probably repre­
sent geological effects. The relatively wide range in the 
shape of the unit should, be recognized in the series defini­
tion, and the possibility of wider ranges in properties due 
to their dependence on source area should also be permitted. 
In this particular case, there is marked homogeneity with 
respect to the depth distributions of pH, clay, Fe, and Mn 
(Figs. 11, 13» l4, 15). Perhaps this indicates the relative 
degree of homogeneity, or continuity, throughout the entire 
soil-landscape system from which sediments were derived. 
The toeslope unit is of minor extent in the soil-landscape 
system studied, and little can be said about its shape. It 
occurs in the center of the waterway and assumes the surficial 
form of that geomorphic feature. As the waterway and flood-
plain widen down-valley, so also would the toeslope. The 
depth could be taken as the depth of alluvium. Processes 
174 
responsible for observed characteristics are mainly geological. 
One or more additional processes have imparted unique distribu­
tions of TP, AP, and AK to this soil, but the mechanisms are 
not known and the data from this study are not sufficient to 
attribute these results to either a strictly geological or a 
strictly pedological process. 
The foregoing discussion indicates the kinds of discon­
tinuities that exist in the soil-landscape system. The con­
tinuous aspect of the system and the relationships and simi­
larities that serve to unite these discontinuities into one 
soil-landscape system should again be emphasized. First, the 
entire system has developed in a relatively homogeneous 
material. Even though the loess and the alluvium are strati­
fied, the total range in geometric mean particle size is only 
about 7 microns. Secondly, the entire system would, have been 
affected by the same climatic environment at any point in time. 
Environmental changes probably affected all parts of the 
system, though perhaps in different ways depending on land­
scape position. Thirdly, the surface of the soil-landscape 
system is continuous in space, and the different units are 
connected through transitional zones to form one contiguous 
system. The unique position of each soil In the landscape 
and its contiguity to other soils forms the basis for pre­
dicting soil patterns expected on other similar landscapes in 
southwestern Iowa. Finally, the distributions of certain 
chemical constituents are characteristics of the whole 
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soil-landscape system. Most striking is the distribution of 
available K (Fig. 18). Subsoil values of AK are essentially 
constant throughout the entire system with the exception of 
the toeslope anomaly. The same is true, but to a less marked 
degree, for the soil-landscape distribution of available 
phosphorus (Fig, 17). The highly systematic distributions of 
depth to carbonates and cumulative available phosphorus (Table 
6) are meaningful only with respect to the whole system, and 
they serve to integrate the various differences expressed into 
a unified system. 
Classification of soil-landscape units according to the 
scheme of the Seventh Approximation (Soil Survey Staff, I96O) 
tends to emphasize differences between soils and subdues or 
disregards similarities among them. The scheme depends on 
the existence of discrete individuals which can be placed in 
one class or another. Classification of these Individuals is 
based on values of selected properties considered diagnostic. 
If two soils should differ in their values of even one critical 
diagnostic characteristic, they could be placed in widely 
different classes that might be quite unrelated. All other 
similarities or relationships would be disregarded. The 
potential for this situation to occur is greatest with respect 
to summit and shoulder soils. Their genesis is highly related 
and. many of their characteristics are alike, but if the super­
imposed effect of geological erosion is great enough, they 
could be classified in widely different orders. At the Cut 39 
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site the confounding effect of the fence row prevents deter­
mination of whether this would actually have occurred had the 
fence row not caused accumulation of extra dark sediments 
which assures the shoulder soils of a mollic epipedon. At 
the other extreme, it is possible, and indeed does happen, 
that two soils can be essentially alike in their diagnostic 
characteristics, even though the reasons underlying their 
similar behavior are quite different. Thus the footslope soils 
are placed in the same sub-group as the summit soils. It is 
true that these soils are related, but properties of one (the 
summit) are mainly due to pedogenesis while the similar 
properties of the other are mainly inherited as the result of 
geological processes that produced, the parent material and did 
not even affect the summit. These facts are not recognized 
when both are placed in the same sub-group. 
Designation of certain components of the soil-landscape 
system as phases in the strict sense of Kellogg's (1937) 
definition appears to be unjustified. Phases of Monona imply 
that differences from Monona soils developed on the summits of 
landscapes a little farther west are not genetically signifi­
cant, However, the genesis on the shoulder position, though 
highly related to that on the summit, nevertheless differs 
because of the added, effects of a geological process. This 
fundamental difference is not accounted for by the phase 
designation. Monona phases farther downslope are even more 
contrasting in their genesis and the designation Is quite 
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unsatisfactory. The same is true for the Napier series in 
footslope and toeslope positions. Though the genesis is very 
similar in both positions, there may be a significant differ­
ence in process that accounts for the unique distributions of 
APf AKf and TP in the toeslope. 
The facts accumulated in this study of a soil-landscape 
system in western Iowa demonstrate that it is a rather complex 
assemblage of differences, similarities, and relationships, 
all of which are functions of the separate effects and inter­
actions between both pédologie and geologic processes. Evi­
dences of relationships within the soil-landscape system and 
the impact of landscape evolution on soil genesis were detected, 
thereby fulfilling the primary objective. The significance of 
these relationships for soil classification was not fully 
explored, although some of the problems encountered with the 
current system were discussed briefly. Detailed testing of the 
placement of specific soils in the system and investigation of 
possible alternative schemes awaits further study. One ap­
proach might be to consider the whole soil-landscape system 
as a unit similar to Milne's (1936) catena. Such a unit could, 
not be accommodated in a multiple-category scheme, and there 
would still be a problem of cartographic separation and identi­
fication of the different kinds of soils within the soil-
landscape system. This classification problem has not 
been resolved in this study, nor was it Intended to be, but 
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the implications of soil-landscape relationships as revealed 
in this investigation could, provide a basis for additional 
studies addressed more directly to soil classification and 
soil cartography. 
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SUMMARY 
First regional traverses and then areal investigations 
paved the way for detailed examination of local soil-
landscape relationships on a hillslope in western Iowa. Of 
particular interest was the relative degree to which geo­
logical and pedological processes act both separately and 
together to produce observed characteristics of the soil-
landscape system. The shapes of distinct soil-landscape units 
and the applicability of phase designations were also in­
cluded as objectives of this study. 
Most of the information about this hillslope was obtained 
from 16 equally spaced soil cores in a continuous traverse 
from summit to drain. Two other traverses, parallel to the 
first and 50 feet removed in either direction, provided some 
additional data. Cores from the center traverse were divided 
into twelve 4-inch increments and analyzed for pH, available 
P and K, initial nitrate, total P, free Fe and Mn, percent 
carbonates and concretions, and complete particle size distribu­
tion. Additional samples to 76 inches were analyzed for all 
but pH and the soil test properties. 
Landscape evolution was the first aspect of the soil-
landscape system examined. From Kansan time to Tazewell time 
there were several cycles of deposition in a glacial epoch 
followed by erosion and. soil development during interglacial 
times. The first post-Tazewell event was formation of 
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weathering zones in the loess. Then a deep gully was cut 
into the loess between 7000 and 14,000 years b.p. A hypo­
thetical model of progressive stages during this erosion 
cycle was developed by making certain assumptions about the 
shape of the landscape at the beginning and end of the cycle 
and about the form of Intermediate surfaces. An environ­
mental change occurred about 7000 years ago which was accom­
panied by the onset of a new cycle of hillslope erosion and 
alluviation in the gully. At first the accumulation of fill 
was very slow; enough organic carbon accumulated in the 
basal increment of fill to be radiocarbon dated at 6800 - 300 
years. A second cut and fill cycle occurred between IBOO and 
2000 years b.p. during which the rate of erosion was relative­
ly rapid but the amount of landscape modification was rela­
tively small. The final cycle of erosion proceeded at a slow­
er rate and molded the landscape into very nearly its present 
form. Common to all erosion cycles was gradual migration up-
slope of a concave erosion surface, a pediment which truncated 
angularly weathering zones and strata of varying particle size, 
leaving a veneer of transported sediment throughout most of 
the backslope. Another hypothetical model was developed to 
describe the surfaces that may have resulted from each of the 
three cycles between 7000 years and the present. A polynomial 
equation cubic in distance from the summit was considered 
adequate to describe the present landscape surface. 
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Presentation of soil-landscape distributions of prop­
erties measured took two forms. Unl-valued characteristics 
of whole soil profiles were related to the landscape by multi­
ple regressions on four landscape parameters: distance from 
summit, relative elevation, slope gradient, and slope curva­
ture. For most soil properties, models including distance 
and gradient were quite adequate. Elevation was too highly-
correlated with distance to make a significant contribution, 
and curvature was mostly unrelated to the distributions of 
soil properties. Best explained by this method was the dis­
tribution of depth to carbonates, demonstrating the high 
relationship of this property to position in and form of the 
landscape. Other highly related properties included cumula­
tive AP, geometric mean of the surface increment, and maximum 
clay content. Ranking of all the properties measured accord-
2 ing to the multiple R was considered an indicator of the order 
of importance in which properties could be evaluated when 
classifying soils. 
Characteristics of individual samples were presented as 
block diagrams which showed features of within-profile distri­
butions and between-profile changes in one figure. An axis of 
distance from summit and an axis of depth below the surface 
formed the basal plane above which values of each characteris­
tic were plotted. Each diagram was completed by a computerized 
process that connected plotted points with straight lines. 
Comparisons among diagrams illustrated some of the more 
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striking soil-landscape relationships. Most notable were the 
distinct differences in the carbonate, phosphorus, Fe, and Mn 
distributions where calcareous loess occurs in the system. 
Results of pedogenic modifications of clay, P, and pH in summit 
and shoulder soils were also obvious. 
The data were further examined by a method of factor 
analysis. The correlation matrix for all the characteristics 
showed that nearly every variable was correlated to a greater 
or lesser degree with every other variable. Factor analysis 
provided a way to reduce the set of original variables to a 
smaller set of orthogonal factors that could be interpreted 
in terms of significant processes or conditions. Factor 
loadings were generated from a principal components analysis 
in which the first factor removed as much of the total vari­
ance among characteristics used to describe the soil-landscape 
system as possible. Each succeeding factor removed a corre­
spondingly smaller amount of variance. To improve the inter-
pretablllty of factor loadings, factors were rotated to force 
loadings to values either as high or as low as possible. The 
manner in which variables were grouped In the factors per­
mitted identification of three basic factors. The first 
represented the initial state of the system plus the effects 
of rudimentary weathering. The second represented pedogenic 
processes that modify the initial state. The third combined 
into one factor the geologic processes of loess deposition and 
landscape evolution. Separate analyses of calcareous loess and 
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non-calcareous loess Indicated that all three factors were 
present in each system, but in a different order of Importance. 
The initial state-weathering factor dominated in the calcare­
ous system whereas the pedogenic factor took on major signifi­
cance in the leached system. Inherited geological effects 
were separated as a third factor in both systems. The analy­
sis indicated that, in calcareous loess, the clay distribution 
is relatively more subject to pedogenic alteration than the 
phosphorus distribution, but that the opposite is true in 
non-calcareous loess. Factors for transported sediments were 
more difficult to interpret but were thought to represent 
processes of erosion and sedimentation and to a lesser extent 
pedogenic modification. Factor analysis of the entire soil-
landscape system identified factors that were common to all 
3 sub-systems but masked the effects of factors that differed 
from system to system. 
Various genetic models were proposed to account for soil 
differences throughout the system. These models reflect the 
interaction between landscape evolution and pedological 
processes. They correspond almost exactly to elements of 
the landscape. On the summit, the process is dominantly 
profile redistribution of soil constituents. On the 
shoulder, the same process is confounded with simultaneous 
lowering of the surface by erosion. On the backslope, all 
effects of former pedogenic cycles have apparently been re­
moved and a new cycle is starting in pedisediment over 
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calcareous loess. On the footslope, the process is simultane­
ous interaction "between pedogenic redistributions and raising 
of the surface by accumulation of sediments. An additional 
complicating process of selective down-valley transport is 
also operative. On the toeslope, in the waterway center, the 
basic model is the accumulation of sediments, but an addition­
al process of unknown origin or mechanism has resulted in very 
high amounts of AP, AK, and TP. 
Each of the l6 sites in the center traverse was classified, 
according to series name, sub-group of the Seventh Approxima­
tion, landscape position, and genetic process. Classification 
according to landscape position and genetic process agreed 
almost exactly, but classification by the Seventh Approximation 
had two major defects. In some cases it masked relationships 
known to exist within the soil-landscape system, while in 
others it created apparent relationships that do not exist. 
Phase designations as defined, in the Soil Survey Manual were 
considered, unsatisfactory because they fail to indicate genetic 
differences between various phases and the parent series. 
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EPILOGUE 
There is an old adage which goes something like "hind­
sight is so much better than foresight". One of the benefits 
of any research investigation is learning what should have 
been done that wasn't, or what was done that shouldn't have 
been. Prominent in the first category is the obvious de­
sirability of complete replication by fully analyzing all 
samples in the two traverses parallel to the center one. 
Time kept this from being done. Also in this category, it 
is clear now that determinations of pH and soil test values 
should have been made on all samples to 76 inches. Analysis 
to four feet only was quite sufficient in terms of the original 
purpose, namely to analyze to the point where no further change 
was expected. However, the lack of these numbers for deeper 
samples meant that information on other characteristics of 
these samples had to be forfeited in all numerical analyses of 
the data. The factor analysis in particular might have been 
improved had these data been available. 
On the other side of the ledger, the most obvious thing 
that should not have been done was to select a site crossed by 
a fence. Though the effect was clear and easy enough to ex­
plain, it happened that the fence crossed in a very critical 
region, the upper shoulder. Suffice it to say that further 
investigators should avoid fences if at all possible. Perhaps 
an even more important "don't" is, don't stop analyzing at six 
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feet. An ideal sampling scheme would, have included all 
samples to some common depth, say 10 feet beneath the water­
way center. This would have meant analyzing a 55-foot core 
at the summit and successively smaller cores farther down-
slope. The number of samples obtained would have been too 
large for a single short-term study, but the scheme would 
have permitted, detailed tracing of weathering zones and 
particle size strata, and. the distinction between geologic 
and pédologie processes might have been better elucidated. 
As it was, sampling to 76 inches just reached, the TP maximum 
in the summit. A minimum sampling depth of 10 feet is 
appropriate as a recommendation for the future. 
These criticisms notwithstanding, it is felt that some 
contribution to the knowledge and understanding of soils and 
the soil-landscape system has been made. Of course, much 
more remains to be done, even in regional and areal perspec­
tives as well as local studies. Further applications of fac­
tor analysis can be explored, and it may also be time to set 
up model studies in the laboratory. For example, the rate 
equations for the leaching process might be determined by a 
replicated experiment with leaching columns and controlled 
applications of water and carbon dioxide. The functional 
nature of certain relationships noted in the correlation 
matrix and subsequent factor loadings might be studied through 
planned experiments. One such experiment could investigate 
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the effect of different levels of free iron on phosphorus 
mobility and/or availability. Another could attempt to 
evaluate the importance of initial nitrate in soil genesis. 
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APPENDIX A: PROFILE DESCRIPTIONS OF THE 16 
SITES IN THE CENTER TRAVERSE 
Inasmuch as the three traverses in the study area at 
Cut 39 were nearly replicates, and as the center traverse 
was studied in greatest detail, profile descriptions are 
given for that traverse only. Profile descriptions of 
corresponding sites in the other traverses are essentially 
like those of the center traverse and differ only in minor 
details. 
All Munsell color notations are for moist soil unless 
otherwise indicated. 
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Profile Number 1 
Ap Very dark brown (lOYR 2/2) light silty clay loam; 
0-9 lOYR 3/2 rubbed; weak fine and med, granular; fri-
inches able; many fine and med. roots; clear boundary. 
A3 Very dark grayish brown (lOYR 3/2) light silty clay 
9-15 loam; lOYR 3/3 rubbed ; very weak fine and med. sbk to 
inches weak fine granular; few lOYR 3/2 coatings; friable; 
many fine and med. roots; clear boundary. 
Bi Dark brown (lOYR 3/2) light silty clay loam; lOYR 
15-22 3/3 rubbed; weak to mod. very fine and fine sbk; few 
inches lOYR 3/2 coatings; friable ; common fine and med. 
roots; clear boundary. 
B21 Dark brown to brown (lOYR 4/3) light silty clay loam; 
22-30 lOYR 4/3 rubbed; weak fine and med, sbk; few lOYR 3/3 
inches coatings; friable ; common fine roots; clear boundary. 
B22 Dark brown to dark yel. brown (lOYR 4/3-4/4) light 
30-36 silty clay loam; lOYR 4/4 rubbed; 10^ fine and med. 
inches distinct 2.5Y 5/2 mots; 5% fine distinct lOYR 5/4 
mots; weak to mod. med. sbk; some 10YR 3/3 coatings; 
some thin clay skins on vert, faces; friable; common 
fine roots; 3% Mn stains; clear boundary. 
B23 Dark brown to dark yel, brown (lOYR 4/3-4/4) silt 
36-44 loam; lOYR 4/4-5/4 rubbed; 15-20# med. distinct 2.5Y 
inches 5/2 mots; 10# fine distinct lOYR 5/4 & 5/6 mots; weak 
med. sbk; some lOYR 3/3-4/3 coatings; few thin clay 
skins; friable ; common fine roots; 2# Mn stains; 
clear boundary, 
B31 Dark brown to dark yel, brown (lOYR 4/4) silt loam; 
44-56 lOYR 4/4 rubbed; 15-20# med, distinct 2.5Y 5/2 mots; 
inches 10# fine distinct lOYR 5/4 & 5/6 mots; very weak fine 
sbk; few lOYR 4/3 coatings; friable; common fine 
roots; 2-3# Mn stains; clear boundary. 
B30 Dark yel, brown to yel, brown (lOYR 4/4-5/4) silt 
56-66 loam; 15-20# fine and med, lOYR 5/2-6/2 mots; 2# fine 
inches faint lOYR 5/4-5/6 mots; massive, slightly laminar; 
friable; few fine roots; 3# Mn stains; clear boundary. 
Ci Brown (lOYR 5/3) silt loam; 10-15# fine faint lOYR 
66-85 5/2-6/2 mots; massive, slightly laminar; friable ; 
inches few fine roots; 3-4# Mn stains; gradual boundary. 
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C2 As above with 20-25^ med. distinct lOYR 6/2 mots and 
85-10^ 20-25^ med. distinct lOYR 5/6 mots; Mn stains; 
inches clear boundary. 
C? Like C2 with 10-15# Mn stains, many in 5-10 mm 
104-118 patches; very few roots; clear boundary. 
inches 
Ci|, Brown (lOYR 4/3-5/3), massive, slightly laminar silt 
118-126 loam; 10-15# med. distinct lOYR 5/2 mots; 10# med. 
inches distinct lOYR 5/^ & 5/6 mots; 3-5# Mn stains; very 
few fine roots. 
Cc Mixed 50# 2.5Y 5/2-6/2 and 50# 7.5YR 4/4-5/4; mass-
125-139 ive, slightly laminar silt loam; calcareous. 
inches 
C6 Grayish brown (2.5Y 5/2) to light olive gray (5Y 
139-182 6/2), massive, slightly laminar silt loam; 30# 
inches coarse prominent lOYR 5/6 to 7«5YR 5/6 and 5^% 
5/6 & 5/8 mots; calcareous. 
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Profile Number 2 
Ap Very dark brown (lOYR 2/2) light silty clay loam; 
0-4 lOYR 3/2 rubbed; cloddy to weak fine granular; fri-
inches able; common fine and med. roots; abrupt boundary. 
A3 Very dark brown (lOYR 2/2) light to med. silty clay 
4-12 loam; lOYR 3/2-3/3 rubbed; weak fine granular; fri-
inches able; common fine and med. roots; gradual boundary. 
Bi Dark brown (lOYR 3/3) light silty clay loam; lOYR 
12-18 3/3-4/3 rubbed; weak fine sbk; few lOYR 3/2 coatings; 
inches friable; common fine roots; gradual boundary. 
B21 Dark brown to brown (lOYR 4/3) light silty clay loam; 
18-26 lOYR 4/3 rubbed; weak fine sbk; some lOYR 3/3 coat-
inches ings; few thin clay skins; friable; common fine and 
med. roots; clear boundary, 
B22 Dark brown to brown (lOYR 4/3) light silty clay loam; 
26-34 lOYR 4/3 rubbed; 10# med. distinct 2.5Y 5/2 mots; 2-
inches 5# fine distinct lOYR 5/6 mots; weak to mod, fine and 
med. sbk; some lOYR 3/3 coatings; few thin clay skins; 
friable; common fine and med, roots; 1-2# Mn stains; 
clear boundary. 
Bo Dark yel. brown to yel. brown (lOYR 4/4-5/4) silt 
34-62 loam; 15-20# med. distinct 2.5Y 5/2 mots; 10# fine 
inches distinct lOYR 5/6 mots; weak to very weak fine pris­
matic; few lOYR 3/3-4/3 coatings on vertical faces; 
friable; common fine and few med. roots; 4# Mn 
stains; clear boundary. 
0% Brown to yel, brown (lOYR 5/3-5/4) silt loam; 20-30# 
62-108 med. distinct 2.5Y 5/2-6/2 mots; 10-20# med. distinct 
Inches lOYR 5/6 and 2.5Y 5/6 mots; massive, slightly laminar; 
friable; few fine roots; 5# Mn stains; gradual 
boundary. 
Cg Like Cj with 30-40# med. and coarse distinct 2.5Y 5/2-
108-131 6/2 mots, 10-20# fine and med, distinct 7.5YR 4/4-5/6 
inches mots, no roots, 5-10# Mn stains; gradual boundary. 
Co Light brownish gray (2.5Y 6/2) silt loam; 30# med. 
13I-I92 and coarse prominent lOYR 5/6 and 7.5YR 5/6 & 5/8 
inches mots; massive; friable ; no roots; calcareous. 
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Profile Number 3 
Ap Very dark brown to very dark grayish brown (lOYR 
0-8 2/2-3/2) light silty clay loam; lOYR 3/2 rubbed; weak 
inches fine granular; friable ; common fine and medium roots; 
clear boundary. 
A3 Very dark brown to very dark grayish brown (lOYR 2/2-
8-11 3/2) light to med. silty clay loam; lOYR 3/3 rubbed; 
inches mod. very fine sbk; friable; common fine and med. 
roots; clear boundary. 
Bi Dark brown (lOYR 3/3) light silty clay loam; lOYR 
II-I6 4/3 rubbed;weak fine sbk; some lOYR 3/2 coatings; 
inches friable; common fine roots; clear boundary. 
B21 Dark brown to brown (lOYR 4/3) light silty clay loam; 
16-24 lOYR 4/3 rubbed; mod. fine sbk; some lOYR 3/3 coat-
inches ings; few thin clay skins; friable; few med. and 
common fine roots; clear boundary. 
B22 Dark brown to brown (lOYR 4/3) light silty clay loam; 
24-29 lOYR 4/3 rubbed; 2.% fine distinct 2.5Y 5/2 mots; weak 
inches fine sbk; few lOYR 3/3 coatings; friable ; common fine 
roots; <\% Mn stains; clear boundary. 
B23 Dark yel. brown (lOYR 4/4) light silty clay loam; 
29-37 lOYR 4/4 rubbed; 15-20# med. distinct 2.5Y 5/2 mots; 
inches 10-15^ fine and med. distinct lOYR 5/6 mots; weak 
fine prismatic to weak fine sbk; few lOYR 3/3 coat­
ings on vert, faces; friable; common fine roots; 1-2% 
Mn stains; gradual boundary. 
B3 Dark yel. brown to yel. brown (lOYR 4/4-5/4) silt 
37-4? loam; 15-20# med. distinct 2.5Y 5/2 mots; IO-I5# fine 
inches and med. distinct lOYR 5/6 mots; massive to weak fine 
prismatic; few 10YR 3/3-4/3 coatings on vert, faces; 
friable; common fine and few med. roots; 2-3# Mn 
stains; clear boundary. 
Brown to yel. brown (lOYR 5/3-5/4) silt loam; 15-20# 
47-82 med. distinct 2.5Y 5/2-6/2 mots; 10-15# med. distinct 
inches lOYR 5/6 mots; massive, slightly laminar; friable ; 
few fine roots; 3-4# Mn stains; clear boundary. 
C2 Yel. brown (lOYR 5/4) silt loam; 20-30# med. and 
82-124 coarse distinct 2,5Y 6/2 mots; 10-15# med. distinct 
Inches 7*5YR 4/4 & 5/6 mots; massive, laminar; friable; 
5-10# Kn stains; clear boundary. 
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Co Light brownish gray (2.5Y 6/2) silt loam ; 30.# 
124-176 coarse prominent lOYR 5/6 and 7.5YR 5/6 & 5/8 mots; 
inches massive, laminar; friable; calcareous. 
Cii As above with grayish brown to light olive brown 
170-186 (2.5Y 5/3) matrix. 
inches 
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Profile Number 4 
Ap Very dark brown (lOYR 2/2) light silty clay loam; 
0-11 lOYR 3/2 rubbed; cloddy to very weak fine granular; 
inches firm; common fine and med. roots; abrupt boundary. 
Ao Very dark brown to very dark grayish brown (lOYR 
11-15 2/2-3/2) light silty clay loam; lOYR 3/2-3/3 rubbed ; 
inches weak fine granular; friable ; common fine and med. 
roots; clear boundary. 
Very dark grayish brown (lOYR 3/2) light silty clay 
15-21 loam; lOYR 3/3 rubbed; weak very fine and fine sbk; 
inches few lOYR 2/2 coatings; friable ; few med. and common 
fine roots; clear boundary. 
B21 Dark brown to brown (lOYR 4/3) light silty clay loam; 
21-31 lOYR 4/3 rubbed; weak fine sbk; few lOYR 3/2 & 3/3 
inches coatings; friable ; common fine roots; clear boundary. 
B22 Dark brown to brown (lOYR 4/3) light silty clay loam; 
31-39 lOYR 4/3 rubbed; 1% fine faint 2.5Y 5/2 mots; weak 
inches very fine sbk; few lOYR 3/3 coatings; few thin clay 
skins; friable; common fine roots; <1^ Mn stains; 
clear boundary. 
B23 Dark brown to brown (lOYR 4/3) silt loam; 15-20# 
39-4? med. distinct 2.5Y 5/2 mots; 10# fine distinct lOYR 
inches 5/6 mots; weak fine prismatic to weak med. sbk; 
few lOYR 3/3 coatings on vert, faces; friable ; common 
fine roots; 5# Mn stains; gradual boundary. 
B3 Dark yel. brown to yel. brown (lOYR 4/4-5/4) silt 
47-59 loam; 10-15# med. distinct 2.5Y 5/2 mots; 5# fine 
inches faint lOYR 5/4-5/6 mots; very weak fine prismatic 
to massive, slightly laminar; few lOYR 3/3-4/3 coat­
ings on vert, faces; friable; few fine roots; 2# Mn 
stains ; gradual boundary. 
0% Yel, brown (lOYR 5/4) silt loam; 15-20# med. distinct 
59-73 2.5Y 5/2 mots; 10# med. distinct lOYR 5/6 mots; mass-
inches ive, slightly laminar; friable; few fine roots; 3-5# 
Mn stains; clear boundary. 
C2 Like C]^ with 20-25# fine distinct 2.5Y 5/2-6/2 mots, 
73-88 IO-I5# med. distinct lOYR 5/6 mots, very few fine 
inches roots, 5# Mn stains; clear boundary. 
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Co Mixed colors: 30-45# 2.5Y 6/2, 30-4$# lOYR 5/6, 
88-116 10# lOYR 5/4; massive, slightly laminar silt loam; 
inches 5# Mn stains; clear boundary. 
Gij, Light brownish gray (2.5Y 6/2) matrix mixed with up 
116-174 to 30# 2.5Y 5/3; 20-30# coarse prominent lOYR 5/6 
inches and 7.5YR 5/6 mots; massive, slightly laminar silt 
loam; calcareous. 
Cjr As above with a 2.5Y 6/3 matrix. 
174-186 
inches 
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Profile Number 5 
Ap Very dark brown (lOYR 2/2) light silty clay loam; 
0-7 lOYR 3/2 rubbed; cloddy to weak fine granular; 
inches friable ; many fine and med. roots; abrupt boundary. 
AI2 Very dark brown (lOYR 2/2) light silty clay loam; 
7-15 lOYR 3/2 rubbed; mod. fine and med. sbk; friable ; 
inches common fine roots; clear boundary. 
Very dark brown (lOYR 2/2) light to med. silty clay 
15-20 loam; lOYR 3/2 rubbed; weak fine sbk; friable; common 
inches fine roots; clear boundary. 
Dark brown (lOYR 3/3) light silty clay loam; lOYR 4/3 
20-25 rubbed; weak fine sbk; some lOYR 3/2 coatings; friable; 
inches common fine roots; abrupt boundary. 
B21 Dark brown (lOYR 3/3) light silty clay loam; lOYR 4/3 
25-34 rubbed; weak fine and med. sbk; many lOYR 3/2 coatings; 
inches friable; few fine roots; clear boundary. 
B22 Dark brown (lOYR 3/3) light silty clay loam; lOYR 4/3 
34-40 rubbed; weak fine prismatic to weak fine and med. sbk; 
inches few thin clay skins on vert, faces; friable ; few fine 
roots; clear boundary. 
Bj Dark brown to brown (lOYR 4/3) silt loam; 1% fine faint 
40-52 2.5Y 5/2 mots; massive to very weak fine sbk; friable; 
inches few fine roots; <1% Mn stains; clear boundary. 
0% Dark brown to brown (lOYR 4/3) silt loam ; 10^ med, 
52-78 distinct 2.5Y 5/2 mots; 5-7% med. distinct lOYR 4/4 
inches mots; massive; friable; few fine roots; 3-4^ Mn stains. 
C2 Brown to yel. brown (lOYR 4/3-5/4) silt loam; 30-40# 
78-107 med. and coarse distinct 2.5Y 5/2 & 6/1 mots; 25-
inches 35# med. distinct lOYR 4/4 & 5/6 mots; massive; fri­
able; 10# med. and coarse Mn stains. 
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Profile Number 6 
Ap Very dark grayish brown (lOYR 3/2) light silty clay 
0-8 loam; lOYR 3/3 rubbed; weak fine granular; friable; 
inches many fine and med. roots; clear boundary. 
A3B1 Dark brown to brown (lOYR 4/3) light silty clay loam; 
8-15 lOYR 4/3 rubbed; weak very fine sbk; few lOYR 3/2 
inches coatings; friable; common fine and med. roots; clear 
boundary. 
B2 Dark brown to brown (lOYR 4/3) silt loam; lOYR 4/3 
15-26 rubbed; 1^ fine faint lOYR 5/2 mots; very weak very 
inches fine sbk; few lOYR 4/2 coatings; friable; common fine 
roots; clear boundary. 
Dark brown to brown (lOYR 4/3) silt loam; 2-3# fine 
26-39 faint lOYR 5/2 mots; 1-2# fine faint lOYR 5/6 mots; 
inches weak fine sbk; few lOYR 4/2 coatings; friable; few 
fine roots; gradual boundary. 
B32 Yel. brown (lOYR 5/^) silt loam; 10# med. distinct 
39-54 2.5Y 6/2 mots; 8-10# med. distinct 7.5YR & lOYR 4/4 
inches mots; massive to very weak very fine sbk; friable; 
1-2# Mn stains; few fine roots; gradual boundary. 
C% Brown (lOYR 5/3) silt loam; 20-30# med. and coarse 
54-69 prominent 5Y 6/1 mots; 30-40# med. and coarse distinct 
inches 7»5YR 5/6 and lOYR 5/^ mots; massive; friable ; few fine 
roots; 3-5# Mn stains; gradual boundary. 
C2 Mixed 40-50# 5Y 6/1 and 40-50# 7.5YR 5/6 and lOYR 5/4 
69-83 & 5/6; massive, friable silt loam; few fine roots; 
inches 10# Mn stains; calcareous below 78 inches; diffuse 
boundary. 
C3 Gray to light gray (5Y 6/1) silt loam; 20-30# coarse 
83-116 prominent 7»5ÏR 5/8 and lOYR 5/6-5/8 mots; massive; 
inches friable; calcareous. 
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Profile Number 7 
Ap Very dark grayish brown (lOYR 3 / 2 )  light silty clay 
0-6 loam; lOYR 3/3 rubbed; cloddy to weak fine granular; 
inches friable; many fine and med, roots; abrupt boundary. 
Dark brown to brown (lOYR 4/3) light silty clay loam; 
6-14 lOYR 4/3 rubbed; weak fine sbk; few thin clay skins; 
inches few lOYR 4/2 coatings; friable; common fine and med. 
roots; clear boundary. 
B2 Dark brown to brown (lOYR 4/3) silt loam; lOYR 4/3 
14-21 rubbed; 2% fine faint lOYR 5/2 mots; 1^ fine faint 
inches 7»5YR 4/4 mots; weak to mod. fine sbk; few lOYR 4/2 
coatings; few thin clay skins; friable; common fine 
roots; 1% Mn stains; clear boundary. 
Dark brown to brown (lOYR 4/3) silt loam; lOYR 4/3 
21-29 rubbed; 10-15# med. distinct 2.5Y 6/2 mots; 7-10# 
inches fine distinct 7'5YR 4/4 and lOYR 5/6 mots; weak fine 
sbk; few lOYR 4/2 coatings; friable; common fine and 
med. roots; 3-5# Mn stains; gradual boundary. 
Dark yel, brown to yel. brown (lOYR 4/4-5/4) silt 
29-38 loam; 15-25# med. distinct 5Y 6/1-6/2 mots; 10-20# 
inches med. distinct 7»5YR 4/4 and lOYR 5/6 mots; massive; 
friable; common fine roots; 5-7# Mn stains; clear 
boundary. 
C2 Yel. brown (lOYR 5/^) silt loam; 20-30# med. and 
38-48 coarse distinct 5Y 6/1 & 6/2 mots; 15-25# med. dis-
inches tinct lOYH 5/6 mots; massive; friable ; no roots; 
7-10# Mn stains; gradual boundary. 
C3 Mixed 40-50# 2.5Y 6/2 to 5Y 6/2 and 40-50# lOYR 5/4 & 
48-55 5/6 silt loam; massive; friable; few fine roots; <1# 
inches Mn stains; gradual boundary. 
C4 Light olive gray to light brownish gray (5Y 6/2 to 
55-68 2.5Y 6/2) silt loam; 10# med. prominent lOYR 5/6 & 
Inches 5/8 mots; IO-I5# med. faint 2.5Y 6/4 mots; massive, 
slightly laminar; friable; few fine roots; calcareous; 
clear boundary. 
C5 As above but with 40-50# 2.5Y 6/4; no roots; clear 
68-74 boundary. 
inches 
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Cg Grayish brown to light brownish gray (2.5Y 5/2-6/2) 
74-113 silt loam; 30-40# 7.5YR 5/6-5/8 and lOYR 5/6 mots; 
inches massive; firm; calcareous. 
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Profile Number 8 
Ap Very dark grayish brown (lOYR 3/2) light silty clay 
0-7 loam; cloddy to weak fine granular; friable; common 
Inches fine and med, roots; abrupt boundary. 
Bx Grayish brown (2.5Y 5/2) light silty clay loam; com-
7-10 mon lOYR 3/2 worm casts throughout; fine faint 
inches 7«5YR ^/4 mots; very weak fine sbk; friable; common 
fine roots; clear boundary. 
B21 Grayish brown (2.5Y 5/2) silt loam; Z% fine distinct 
IO-I7 7«5YR 5/6 mots; weak fine sbk; some thin clay skins; 
inches some lOYR 4/2 coatings; friable; common fine roots; 
clear boundary. 
B22 Grayish brown (2.5Y 5/2) silt loam; 2.5Y 5/3 rubbed; 
17-24 15-20^ med. distinct to prominent 7«5YR & lOYR 5/6 
inches mots; weak to mod. fine and med, sbk; some clay skins; 
some 2.5Y 5/2 coatings; friable ; common fine roots; 
clear boundary. 
Bo Grayish brown (2.5Y 5/2) silt loam; 20-30# med. faint 
24-33 2.5Y 5/4 mots; 1-2# fine distinct lOYR 5/6 mots; weak 
inches fine sbk; few 5Y 6/1 coatings; few thin clay skins; 
friable; few fine roots; <1# Mn stains; calcareous 
with some small concretions and coatings; clear 
boundary. 
Ci Olive gray to light olive gray (5Y 5/2-6/2) silt loam; 
33-42 10-20# med. distinct 2.5Y 5/4 mots; 10# med. and coarse 
inches prominent 7*5ïR 5/6 mots; massive; friable; few fine 
roots; <1# Mn stains; calcareous with prominent con­
cretions and coatings of secondary carbonates, clear 
boundary, 
^2 Light brownish gray (2.5Y 6/2) silt loam; 30-40# med. 
42-52 distinct 2.5Y 5/4 and lOYR 5/6 mots; 2# coarse promin-
inches ent 7»5YR 4/4 & 5/6 mots; massive; friable; few fine 
roots; 1-2# Mn stains; calcareous with many fine car­
bonate concretions, no coarse ones; clear boundary. 
C3 Gray to light gray (5Y 6/1) silt loam; 20-30# med. 
52-112 distinct 2.5Y ^ 4 mots, the percentage increasing 
inches with depth; 10# coarse prominent 7*5YR & lOYR 5/6 
mots; massive; laminar; friable; very few fine roots; 
<1# Mn stains; calcareous with very few concretions. 
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Profile Number 9 
Ap Very dark grayish brown (lOYR 3/2) light silty clay 
0-7 loam; cloddy to weak fine granular; friable; common 
inches fine and medium roots; clear boundary. 
A3B1 Grayish brown to light olive brown (2.5Ï 5/3) with 
7-11 20-30# 2.5Ï 3/2; light silty clay loam; weak fine 
inches granular; friable; common fine roots, 
B2 Grayish light olive brown (2.5Y 5/3-4/3) light silty 
11-18 clay loam; 5-10# med. faint 2.5Y 5/^ mots; 2% fine 
inches distinct 7'5YR & lOYR 5/6 mots; weak fine sbk; some 
clay skins; some 5Ï 6/1-6/2 coatings; friable; common 
fine roots; clear boundary. 
B3 Light brownish gray (2.5Y 6/2) silt loam; 10-20# med, 
18-21 distinct lOYR 5/6 & 5/8 mots; very weak fine sbk; fri-
inches able; few fine roots; 1# Mn stains; calcareous; clear 
boundary. 
Light olive gray (5Y 6/2) silt loam; 30-^0# of the 
21-38 matrix is 2.5Y 5/4; 10# coarse distinct 7.5YR 5/6 & 
inches 5/8 mots; massive, slightly laminar; friable; few 
fine roots; 2-3# Mn stains; calcareous; clear boundary. 
Cg Light olive brown (2.5Y 5/4) with 20-30# gray (5Y 6/1) 
38-43 silt loam; massive, slightly laminar; friable; few 
inches fine roots; 5-10# Mn stains; calcareous; clear boundary. 
C3 Yel, brown (lOYR 5/4) silt loam; 10-20# coarse prom-
43-54 inent 7»5YR 5/6 & 5/8 mots; 10# med. distinct 5Y 6/1-
inches 6/2 mots; massive; friable; few fine roots; 1-2# Mn 
stains; calcareous with many coarse concretions of 
secondary carbonates; clear boundary. 
Mixed 40-50# lOYR to 2.5Y 5/4 and 35-45# lOYR 5/2-6/2 
54-75 silt loam; 10# coarse prominent 7«SYR 5/6 & 5/8 mots; 
inches massive, laminar; friable; few fine roots; 2-3# Mn 
stains; calcareous; clear boundary, 
C5 Light olive gray (5Y 6/2) silt loam; 10-20# coarse 
75-92 prominent 7*5YR & lOYR 5/6 mots; massive, laminar; 
Inches . few fine roots; friable; calcareous; gradual boundary, 
C5 Light olive brown (2.5Y 5/4) silt loam; 10# coarse 
92-114 distinct lOYR 5/6 & 5/8 mots; 5-10# med. distinct 
inches 5Y 6/1-6/2 mots; massive, laminar; friable ; very few 
fine roots; 2-3# Mn stains; calcareous. 
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Profile Nimber 10 
Ap Very dark grayish brown (lOYR 3/2) light silty clay 
0-7 loam; lOYR 3/3-^/3 rubbed; cloddy to weak fine granu-
inches lar; friable; common fine and med. roots; abrupt 
boundary. 
B21 Dark brown to brown (lOYR 4/3) light silty clay loam; 
7-l4 10YR 4/3 rubbed; weak fine prismatic to weak to mod. 
inches fine sbk; some lOYR 3/2 and 4/2 coatings which may be 
partly clay skins; friable; common fine and med. roots; 
clear boundary. 
B22 Brown to yel. brown (lOYR 4/3-5/4) silt loam; 5-10# 
14-20 med, faint to distinct 2,5Y 5/2-6/2 mots; 20-30% fine 
inches and med. distinct 7.5YR 4/4 & 5/6 and lOYR 5/6 mots; 
weak fine sbk; few lOYR 4/2 coatings; friable; common 
fine and med. roots; <\% Mn stains; abrupt boundary. 
B31 Yel. brown (lOYR 5/4) silt loam; 10-15# med. distinct 
20-28 5Y 6/1 mots; 10-20# med. distinct lOYR 5/6 mots; weak 
inches fine sbk; friable ; few fine and med. roots; <1# Mn 
stains; calcareous; clear boundary. 
B32 Olive gray to light olive gray (5Y 5/2-6/2) silt loam; 
28-39 10-20# med. distinct 7.5YR & lOYR 5/6 mots; 20-30# of 
inches matrix is 2.5Y 5/4; massive to very weak fine and med. 
sbk; friable; few fine roots; <1# Mn stains; calcare­
ous; clear boundary. 
Ci Light olive gray (5Y 6/2) with 5-10# 2.5Y 5/4 silt 
39-47 loam; massive, laminar; friable; few fine roots; 
inches calcareous; clear boundary, 
Cg Light olive brown (2.5Y 5/4) with 20-30# 5Y 6/1-6/2 
47-85 silt loam; massive, laminar; friable; 5-10# Mn stains, 
inches especially in the lower part; calcareous with some 
concretions of secondary carbonates; diffuse boundary. 
G3 Light olive brown (2.5Y 5/4) silt loam; 2# fine dis-
85-114 tinct 5Y 6/1 mots; massive, laminar; friable; <1# Mn 
inches stains; calcareous. 
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Profile Number 11 
Ap Very dark grayish brown (lOYR 3/2) light silty clay 
0-7 loam; lOYR 3/2-3/3 rubbed; cloddy to weak fine granu-
inches lar; friable; common fine and med. roots; abrupt 
boundary. 
B% Dark brown to brown (lOYR ^/3) light silty clay loam; 
7-12 lOYR 4/3 rubbed; weak to mod. fine sbk; some lOYR 3/2 
inches coatings that may be partly clay; friable; common fine 
roots; clear boundary. 
B2 Brown to yel, brown (lOYR 4/3-5/4) silt loam; lOYR 
12-19 5/4 rubbed; Z% fine faint lOYR 5/2 and 5/6 mots; weak 
inches fine sbk; few lOYR 4/2 coatings; friable; common fine 
roots; clear boundary. 
B3 Mixed 2.5Y 5/2 and 5/4 silt loam; 10-20# coarse prom-
19-28 inent 7«5YR and lOYR 5/6 mots; massive to weak fine 
Inches sbk; friable; common fine roots; 5-10# Mn stains, most­
ly associated with mottles; calcareous with many sec­
ondary carbonate concretions; clear boundary. 
Cx Light olive brown (2.5Y 5/4) silt loam; 10-15# med. 
28-35 distinct 5Y 6/1 mots; 5-10# fine faint lOYR 5/6 mots; 
inches massive, slightly laminar; friable; few fine roots; 
2-5# Mn stains, mostly associated with mottles; cal­
careous with many secondary carbonate concretions; 
clear boundary. 
C2 Light olive gray (5Y 6/2) with 20-30# 2.5Y 5/3 and 
35-50 lOYR 5/4; silt loam; massive, laminar; friable ; few 
inches fine roots; 5-10# Mn stains; calcareous with many 
secondary carbonate concretions; clear boundary. 
C3 Light olive brown (2.5Y 5/4) silt loam; 2-5# fine dis-
50-73 tinct 2.5Y 6/2 mots; 5-10# fine and med. distinct 7.5YR 
inches 5/6 and lOYR 5/6 & 5/8 mots; massive, slightly laminar; 
friable; few fine roots; 10-20# Mn stains; calcareous 
with many secondary carbonate concretions; clear 
boundary. 
C4 Olive brown to light olive grayish brown (2.5Y 4/4-5/3) 
73-93 silt loam; massive, slightly laminar; few fine roots; 
inches 5-10# Mn stains, especially on vertical fracture 
faces; calcareous with some secondary carbonate con­
cretions; clear boundary. 
C5 As above with 2.5Y 5/3 matrix, no roots, 2-5# Mn 
93-112 stains; calcareous but without concretions. 
inches 
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Profile Number 12 
Ap Very dark grayish brown (lOYR 3/2) light silty clay 
0-9 loam ; lOYR 3/3 rubbed ; cloddy to weak fine granular; 
inches friable; common fine and med. roots; abrupt boundary. 
B]L Dark brown (lOYR 3/3) light silty clay loam; lOYR 4/3 
9-18 rubbed; weak to mod. fine and med. sbk; few lOYR 3/2 
inches and 3/3 coatings; friable; common fine and medium 
roots; abrupt boundary. 
B2 Dark yel. brown (lOYR 4/4) silt loam ; weak fine and 
18-26 med. sbk; few lOYR 4/2 and 4/3 coatings; friable; 
inches common fine roots; Mn stains; few pipestem remnants 
in lower part; abrupt boundary. 
Yel. brown (lOYR 5/4-5/6) silt loam; 2% fine distinct 
26-30 2.5Y 5/2-6/2 mots; 2^ fine distinct lOYR 5/6-5/8 mots; 
inches massive to very weak fine sbk; friable; few fine roots; 
1-2# Mn stains; calcareous with some fine secondary 
carbonate concretions; abrupt boundary. 
Ci Olive gray (5Y 5/2) mixed with 40-50# 2.5Y 5/4 and 
30-49 5/6; silt loam; 10-20# med. and coarse prominent 7»5YR 
inches 5/6 & 5/8 and lOYR 5/8 mots; massive; friable; 2-5# 
Mn stains; few fine roots; calcareous with many 
coarse secondary carbonate concretions; clear boundary. 
C2 Light olive brown (2.5Y 5/4) with 40# lOYR 5/6 areas; 
49-75 silt loam; 5-10# med. prominent 7.5YR 5/6 & 5/8 mots; 
inches massive, laminar; friable; very few fine roots; 10-20# 
Mn stains; calcareous; clear boundary, 
C3 Olive gray (5Y 5/2) mixed with 40-50# 7.5YR 5/4; silt 
75-89 loam; 10-20# med. distinct lOYR 5/6 & 5/8 mots; mas-
inches sive,laminar; friable; very few fine roots; 10-20# Mn 
stains; calcareous; diffuse boundary. 
C/j, Olive gray to olive (5Y 5/2-5/3) silt loam; 5-10# med, 
89-98 prominent 7.5YR 5/6 mots; massive, laminar; friable; 
inches very few fine roots; 2-5# Mn stains; calcareous; clear 
boundary, 
Ce As above but non-calcareous, no Mn stains, 
98-114 
inches 
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Profile Number 13 
Ap Very dark grayish brown (lOYR 3/2) light silty clay 
0-7 loam; lOYR 3/3 rubbed; cloddy to weak fine and med. 
inches granular; friable ; many fine and med, roots; clear 
boundary. 
Bi Dark brown (lOYR 3/3) light silty clay loam; lOYR 
7-14 3/3-4/3 rubbed; weak fine sbk; many lOYR 3/2 coatings; 
inches friable; common fine and med. roots; gradual boundary, 
B21 Dark brown (lOYR 3/3) light silty clay loam; lOYR 
14-21 3/3-4/3 rubbed; very weak fine prismatic to weak fine 
inchds sbk; some lOYR k-/Z coatings; some clay skins; friable ; 
common fine roots; clear boundary. 
B22 Dark brown to brown (lOYR 4/3) light silty clay loam; 
21-28 lOYR 4/3 rubbed; weak very fine sbk; few lOYR 4/2 coat-
inches ings; friable; common fine roots; 2% fine distinct 
7«SYR and lOYR 5/6 pipestem remnants; clear boundary. 
B3 Dark brown to brown (lOYR 4/3) light silty clay loam; 
28-36 lOYR 4/3 rubbed; massive to very weak fine sbk; fri-
inches able; few med, and common fine roots; <1% Mn stains; 
2-3^ fine and med. distinct 7«SYR and lOYR 5/6 pipe-
stem remnants; abrupt boundary. 
Dark yel. brown to yel. brown (lOYR 4/4-5/4) silt 
36-52 loam; 10-20# med. distinct 2.5Y 6/2 mots; 10-20# fine 
inches and med. distinct lOYR 5/6 & 5/8 mots; massive; fri­
able; few fine roots; 5-10# Mn stains; calcareous with 
many coarse secondary carbonate concretions; gradual 
boundary. 
C2 Light brownish gray (2.5Y 6/2) with 30# 2.5Y 5/4; silt 
52-80 loam; 2-5# fine distinct 7«5YR 5/6 mots in gray areas; 
inches 20-30# coarse distinct lOYR 5/4 & 5/6 and 7.5YR 5/6 
mots in browner areas; massive, laminar; friable; few 
fine roots; 5-10# Mn stains; calcareous with many 
coarse secondary carbonate concretions; diffuse 
boundary. 
C3 Light olive gray (5Y 6/2) with 30# 2.5Y 5/4 and lOYR 
8O-IIO 5/6; silt loam; 5-10# fine and med. distinct 7»5YR 
Inches and lOYR 5/6 mots; massive, laminar; few fine roots; 
5-10# Mn stains; calcareous with some fine secondary 
carbonate concretions. 
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Profile Number 14 
Ap Very dark grayish brown (lOYR 3/2) light silty clay 
0-7 loam; lOYR 3/2 rubbed; weak to mod. fine and med. 
inches granular; friable; many fine and med. roots; clear 
boundary. 
A3 Very dark grayish brown (lOYR 3/2) light silty clay 
7-13 loam; lOYR 3/3 rubbed; weak fine and med. granular; 
inches friable; common fine and med. roots; gradual boundary. 
Dark brown (lOYR 3/3) light silty clay loam; lOYR 3/3 
14-19 rubbed; weak very fine and fine sbk; some lOYR 3/2 
inches coatings; friable; common fine roots; gradual boundary. 
B21 Dark brown (lOYR 4/3) light silty clay loam; lOYR 4/3 
19-28 rubbed; weak to mod. very fine and fine sbk; many lOYR 
inches 4/2 coatings; friable; few fine roots; gradual boundary. 
B2? Dark brown to brown (lOYR 4/3) light silty clay loam; 
28-42 1% fine distinct 7.5YR 5/6 mots; weak fine sbk; few 
inches lOYR 4/2 coatings; few thin clay skins; friable ; few 
fine roots; gradual boundary. 
B3 Brown to yel. brown (lOYR 4/3-5/4) silt loam; 1-2# 
42-622 fine and med. 7*5YR 5/6 mots; massive to very weak 
inches fine and med. sbk; friable; few fine roots; abrupt 
boundary. 
62§-65 A krotovina that has granular structure in a mixture 
inches of lOYR 2/2 and 4/3 colors. 
Brown to yel. brown (lOYR 4/3-5/4) silt loam; massive; 
65-74 friable; very few fine roots; <1# Mn stains; calcare-
inches ous with few fine secondary carbonate concretions; 
gradual boundary. 
C2 Light gray to light olive gray (5Y 6/1-6/2) silt loam; 
74-114 hO-60% coarse prominent lOYR 5/6 & 5/8 mots; 10-20# 
inches med. prominent reddish pipestems darkened with Mn; 
massive, laminar; friable; 10-15# Mn stains; calcar­
eous with many coarse secondary carbonate concretions, 
decreasing in size below 96 inches. 
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Profile Number 15 
0^ 9 
inches 
A3 
9-17 
inches 
Cl 
17-45 
inches 
Co 
45-76 
inches 
76-109 
inches 
Very dark brown to very dark grayish brown (lOYR 2/2-
3/2) light silty clay loam; cloddy to weak fine and 
med, granular; friable to firm; common fine and med. 
roots; clear boundary. 
Very dark grayish brown (ICYR 3/2) light silty clay 
loam; lOYR 3/3 rubbed; weak fine and med, granular; 
friable; few med. and common fine roots; gradual 
boundary. 
Dark brown (lOYR 3/3) light silty clay loam; lOYR 
3/3 rubbed; very weak fine sbk; many lOYR 3/2 coat­
ings; friable; few fine roots; gradual boundary. 
Dark brown to brown (lOYR 4/3) silt loam to light 
silty clay loam; 10YR 4/3 rubbed; massive to very 
weak fine sbk; some lOYR 4/2 coatings; friable; very 
few fine roots; diffuse boundary. 
Olive brown (2.5Y 4/4) silt loam; 1% med, distinct 
7.5YR 4/4 & 5/6 mots; massive; friable; <1^ Mn stains, 
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Profile Number l6 
Ap Very dark grayish brown (lOYR 3/2) light silty clay 
0-9 loam; lOYR 3/2-3/3 rubbed; cloddy to weak fine sbk 
inches and med. granular; friable to firm; common fine and 
med. roots; clear boundary. 
A3 Very dark brown to very dark grayish brown (lOYR 
9-18 2/2 to 3/2) light silty clay loam; lOYR 3/2-3/3 
inches rubbed; weak fine sbk; friable; common fine and med, 
roots; clear boundary. 
0% Mixed brown to yel. brown (lOYR 4/3-5/^) and very 
18-30 dark grayish brown (lOYR 3/2) light silty clay loam; 
inches weak fine sbk; friable; common fine and med. roots; 
clear boundary. 
C2 Very dark grayish brown (lOYR 3/2) light silty clay 
30-45 loam; lOYR 3/3 rubbed; weak to mod. fine sbk; some 
inches lOYR 3/2 coatings; friable ; common fine and few med, 
roots; gradual boundary. 
Cj Dark brown (lOYR 3/3) light silty clay loam; lOYR 
^5-79 3/3 rubbed; weak fine prismatic to weak fine and 
inches med. sbk; some lOYR 3/2 coatings; firm; few fine 
roots; <1% Mn stains; diffuse boundary. 
Ci|, Dark brown to brown (lOYR 4/3) light silty clay loam; 
79-108 lOYR 4/3 rubbed; 1-2# fine distinct 7.5YR 4/4 & 5/6 
inches mots; massive; firm; very few fine roots; 1-2# Mn 
stains. 
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APPENDIX B; TABLES OF RAW DATA 
The following list of symbols and their definitions in­
cludes all abbreviations used in the tables that follow. 
A THICK 
AK 
AP 
B/C CLAY 
GARB 
CLAY 
CONC 
CUM AP 
CUM FE 
CUM MN 
CUM TP 
CURV 
DEPTH 
DEPTH CARB. 
DEP. TO MOTS 
DEP. 20% MOTS 
FE 
G.M. 
GMEAN 0-4 
GMEAN RANGE 
GRAD. 
IN 
MAX CLAY 
MAX PH 
MIN PH 
MN 
MOL THICK 
PH 
RANGE FE 
RANGE MN 
RANGE TP 
REL ELEV. 
REL PH DEF 
SND 
Thickness of the A horizon 
Available potassium 
Available phosphorus 
Ratio of the clay maximum to the sub­
jacent clay minimum 
Carbonates 
Clay, less than 2 microns 
Concretions greater than 2 mm. 
Cumulative available phosphorus 
Cumulative free iron 
Cumulative free manganese 
Cumulative total phosphorus 
Slope curvature 
Sample depth below the surface 
Depth to carbonates 
Depth to first appearance of mottles 
Depth to the point where mottles occupy 20% 
or more of the matrix 
Free iron 
Geometric mean 
Geometric mean of the surface sample from 
0-4 inches 
Range in geometric mean 
Slope gradient 
Initial nitrate 
Maximum amount of clay less than 2 microns 
Maximum pH 
Minimum pH 
Free manganese 
Thickness of the molllc epipedon, based on 
moist color only 
pH 
Range in free iron 
Range in free manganese 
Range in total phosphorus 
Relative elevation 
Relative pH deficit from 8.0 
Sand, greater than 6l microns 
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Total phosphorus 
Total phosphorus deficit from 721 ppm. 
Class limits, in microns, of the silt 
fractions according to the Wentworth 
particle size scale 
TABLE 21. UNIVALUED PROPERTIES OF SITES IN TIS 
REL A MOL 
ITE ELEV. GRAO. CURV THICK THICK 
(FT) (%) (IN) ( IN) 
1 99.8 0.0 1.00 12 12 
2 99.5 1.41 0.38 12 12 
3 98.7 1.67 1.60 13 13 
4 98.2 2.95 0.28 15 21 
5 96.4 7.44 0.45 18 22 
6 92.4 10.26 1.00 16 16 
7 86.4 10.00 1.05 7 7 
8 84.6 10.39 0.88 12 7 
9 80.3 11.41 0.94 8 8 
10 75.7 11.41 1.07 16 16 
11 71.4 10.13 1.20 7 13 
12 67.8 9.49 0.95 14 20 
13 64.0 9.36 1.09 13 26 
14 60.5 7.69 1.40 22 89 
15 58.0 3.72 6.22 17 42 
16 57.6 0.0 1.00 18 42 
DEP. 
202 MAX MIN 
MOTS PH PH 
(IN) 
30 7.3 5.7 
28 7.2 5.8 
29 7.2 5.5 
39 7.2 5.4 
49 7.1 6.0 
25 7.5 5.3 
22 8.3 6.2 
21 8.4 6.5 
26 8.4 6.4 
28 8.3 6.5 
22 8.3 6.3 
56 7.8 6.1 
55 7.0 6.0 
120 6.8 6.2 
133 6.9 6.1 
89 7.3 6.3 
DEP. 
TO 
MOTS 
(IN) 
30 
18 
29 
39 
30 
16 
11 
17 
15 
16 
22 
20 
44 
89 
69 
89 
TABLE 22. UNIVALUEO PROPERTIES OF SITES IN T3N 
REL A MOL 
SITE ELEV. GRAD. CURV THICK THICK 
(FT) (%) ( IN) (IN) 
1 100.0 0.0 1.00 15 15 
2 99.7 1.67 0.30 12 19 
3 98.7 1.30 2.48 10 10 
4 98.3 2.95 0.21 13 26 
5 96.4 6.92 0.54 21 30 
6 92.9 8.85 1.03 14 19 
7 89.5 9.49 0.85 9 7 
8 85.5 10.52 0.95 6 6 
9 81.3 11.03 0.95 8 8 
10 76.9 11.28 1.00 8 8 
11 72.5 11.23 1.00 7 7 
12 68.1 11.54 0.96 7 15 
13 63.5 11.15 1.12 8 15 
14 59.4 9.36 1.28 17 21 
15 56.2 7.44 1.23 19 31 
16 53.6 0.0 1.00 19 43 
DEP. 
20% MAX HIN 
MOTS PH PH 
(IN) 
42 7.4 5.9 
73 7.3 6.0 
70 7.4 6.0 
60 7.3 5.7 
53 7.0 6.0 
37 7.2 6.1 
17 7.3 6.4 
30 8.3 6.5 
18 8.5 6.4 
14 8.5 6.7 
23 8.4 6.0 
34 8.5 6.0 
32 8.4 6.4 
44 3.3 6.2 
72 7.0 6.0 
180 6.8 6.2 
DEP. 
TO 
MOTS 
(IN) 
22 
28 
30 
33 
30 
19 
11 
6 
8 
8 
12 
15 
24 
21 
45 
88 
TABLE 23. UNIVALUED PROPERTIES OF SITES IN T2 
DEP DEP REL 
REL A MOL TO 20% MAX B/C GMEAN GMEAN DEPTH MAX MIN PH 
HOLE ELEV. GRAD. CURV THICK THICK MOTS MOTS CLAY CLAY 0-4 RANGE CARS. PH PH OEF 
(FT) (%) (IN) (IN) (IN) (IN) (%) (MIC) (MIC) (IN) 
1 100.0 0.0 1.00 15 22 30 36 31.5 1.59 20.2 1.80 126 7.4 5.9 307 
2 99.5 1.67 0.62 12 18 26 34 32.3 1.45 19.8 2.80 131 7.5 5.6 287 
3 98.7 1.80 1.33 11 11 24 29 32.8 1.42 20.4 3.70 124 7.4 5.8 287 
4 98.1 2.70 0.40 15 21 31 39 31.8 1.31 20.8 2.50 116 7.1 5.7 415 
5 96.6 6.67 0.41 20 24 40 52 31.8 1.40 22.0 2.80 107 7.1 5.9 419 
6 92.9 9.49 1.00 11 8 15 39 30.7 1.87 20.8 3.50 78 7.2 5.9 301 
7 89.2 9.88 0.92 10 6 14 29 30.7 1.80 21.6 3.60 55 7.3 6.3 294 
6 85.2 10. 65 0.93 10 7 7 24 31.0 1.61 21.9 4. CO 24 8.5 6.4 209 
9 80.9 11.03 1.00 9 7 11 18 30.8 1.76 21.8 4.00 18 8.5 6.5 186 
IG 76.6 11.41 0.94 7 7 14 14 30.8 1.73 21.6 3.50 22 8.5 6.5 185 
11 72.0 11.54 1.05 7 7 12 19 29.9 1.74 22.1 2.00 19 8.4 6.3 191 
12 67.6 11.28 1.00 8 3 26 30 30.1 1.77 22.1 4r 20 26 8.3 6.5 188 
13 63.2 10.51 1.16 7 21 21 36 29.9 1.57 22.8 3.00 36 8.3 6.1 291 
14 59.4 8.72 1.27 13 19 28 74 30.4 1.42 23.0 2.90 65 7.1 6.0 346 
15 56.4 5.51 2.31 17 45 76 133 29.3 1.14 22.2 2.70 133 6.9 6.0 379 
16 55.1 0.0 1.00 18 79 79 180 30.9 1.10 22.2 2.10 180 6.7 6.2 422 
TABLE 23. (CONTINUED) 
CUM RANGE CUM 
HOLE AP TP TP 
(PPM-IN) (PPM) (PPT-IN) 
1 202 324 45.8 
2 243 384 47.1 
3 235 448 47.3 
4 264 356 45.4 
5 425 258 47.6 
6 355 282 48.6 
7 320 294 50.4 
8 220 224 50.1 
9 136 170 47.0 
10 106 174 48.1 
11 123 132 46.3 
12 60 90 46.3 
13 101 148 41.6 
14 2 84 264 42.6 
15 268 134 37.2 
16 1435 230 50.5 
TP 
DEF 
(PPM-IN) 
4.41 
3.20 
3.22 
4.94 
2.60 
1.73 
0.01 
0.13 
3.36 
2.16 
3.50 
3.90 
8.65 
7.64 
13.21 
0.34 
RANGE CUM 
MN MN 
(%) («-IN) 
0.045 6.9 
0.037 6.6 
0.036 7.0 
0.038 6.8 
0.039 6.1 
0.065 6. 6 
0.106 4.6 
0.043 1.3 
0.158 5.5 
0.138 4.4 
0.154 7.0 
0.192 10.0 
0.202 10.6 
0.066 9.0 
0.053 7.3 
0.050 7.2 
RANGE CUM 
FE FE 
(%) (%-IN) 
0.22 85 
0.29 85 
0.29 92 
0.23 84 
0.26 97 
0.14 90 
0.12 78 
0.52 46 
0.67 54 
1.21 54 
1.89 75 
1.72 114 
2.71 97 
0.20 89 
0.16 79 
0.16 81 
TABLE 24. PROFILE DATA FOR T2, HOLE 1 
31— 16— 
DEPTH PH AK IN ÂP TP FE MN SND 62 31 8-16 4-8 2-4 CLAY G#M* CAR8 CONC 
(IN) (PPM) PPM PPM PPM (%) (%) (%) (%) (%) (3) (%) (%) (%) (JU) (%) (%) 
0— 4 5.9 151.0 9.5 7.5 652 1.15 0.081 0.6 19.1 27.8 13.6 5.4 3.7 29.9 20.2 0.0 0.0 
4- 8 5.9 75.5 12.0 7.0 606 1.15 0.083 G» 5 20.4 26.6 13.3 5.5 3.5 30.1 20.5 0.0 0.0 
8-12 6.8 33.5 8.0 2.5 582 1.23 0.089 0.6 19.0 26.1 13.2 6.0 3.7 31.5 19.9 0.0 0.0 
12-16 6.9 27.5 12.0 2.5 542 1.23 0.092 0.7 19.1 26.3 13.6 5.9 3.9 30.6 19.9 0.0 0.0 
16-20 7.0 25.5 10.5 4.0 516 1.29 0.105 0.9 19.7 26.6 13.7 5.9 4.2 29.0 19.9 0.0 0.0 
20-24 7.1 28.5 10.5 3.5 544 1.29 0.107 0.9 18.8 27.9 14.0 6.0 4.4 28.0 19.6 0.0 0.0 
24-28 7.1 34.0 10.0 2.5 532 1.28 0.111 1.0 20.9 27.4 13.3 5.8 4.4 27.3 20.3 0.0 0.0 
23-32 7.1 27.5 9.0 5.0 622 1.26 0.115 0.9 21.9 28.0 12.5 5.5 4.1 27.1 20.9 0.0 0.0 
32—36 7.2 24.5 11.5 4.0 694 1.24 0.124 1.0 19.2 27.1 14.2 6.3 4.7 27.5 19.4 0.0 0.0 
36-40 7.2 24.0 11.0 5.5 730 1.11 0.085 0.7 21.9 28.4 14.3 5.9 4.3 24.5 20.3 0.0 0.0 
40-44 7.3 24.0 6.5 6.5 742 1.14 0.080 0.7 21.9 29.1 13.8 5-6 4.3 24.7 20.5 0.0 0.0 
44-48 7.4 25.0 5.0 7.0 694 1.11 0.081 0.6 22.7 28.4 14.0 5.6 4.4 24.4 20.5 0.0 0.0 
43-52 *»» ***** **** **** 696 1.16 0.095 0.6 23.7 30.1 13.3 5.5 4.0 22.9 21.2 0.0 0.0 
52-56 *** ***** **** **** 698 1.09 0.082 0.7 25.7 28.2 13.0 5.3 3.8 22.9 21.6 0.0 0.0 
56-60 *** ***** **** **** 732 1.13 0.085 0.7 21.7 28.7 14.7 6.2 4.8 23.1 19.9 0.0 0.0 
6C—64 *** ***** **** **** 783 1.07 0.101 0.3 21.1 29.2 14.4 6.1 4.7 23.6 19.9 0.0 0.0 
64—68 ***** **** **** 840 1.07 0.083 0.7 23.9 28.8 13.5 5.4 4.7 23.0 20.8 0.0 0.0 
6 3-72 *** ***** **** **** 828 1.10 0.095 0.6 20.3 29.8 15.1 6.3 4.7 23.2 19.5 0.0 0.0 
72-76 *** ***** **** **** 786 1.09 0.091 0.7 23.6 32.5 14.0 5.0 4.4  19.8 21.1 o.c  0.0 
TABLE 25. PROFILE DATA FOR T2, HOLE 2 
31— 16— 
DEPTH PH AK IN AP TP FE MN SND 62 31 8-16 4-8 2-4 CLAY G.M. CAR8 CONC 
(IN) (PPM) PPM PPM PPM (8) (%) (%) (%) (%) (%) (%) ($) (%) cp) i%) (%) 
0— 4 6.0 195.5 16.0 12.0 664 1.15 0.091 0.7 18.9 26.9 12.8 6.7 3.7 30.4 19.8 0.0 0.0 
4- 8 5.6 71.5 28.5 6.5 638 1.19 0.089 0.5 18.8 26.1 12.3 7.1 3.3 31.8 19.8 0.0 0.0 
8-12 6.3 41.5 22.5 4.0 538 1.25 0.095 0.5 17.8 26.1 13.0 7.1 3.2 32.3 19.5 0.0 0.0 
12-16 7.1 26.5 14.0 4.0 502 1.33 0.100 0.6 17.1 26.2 13.7 7.4 4.0 31.1 18.3 0.0 0.0 
16-20 7.2 24.0 7.0 4.0 496 1.34 0.104 0.6 17.7 26.6 14.0 7.4 4.2 29.6 18.8 0.0 0.0 
20-24 7.3 23.5 5.5 4.0 538 1.31 0.104 0.8 18.0 27.6 14.0 7.1 4.5 28.1 18.9 0.0 0.0 
24-28 7.2 25.5 7.5 4.5 586 1.33 0.106 0.9 19.3 28.2 13.3 6.5 4.4 27.4 19.7 0.0 0.0 
28-32 7.2 24.5 9.0 5.0 630 1.30 0.096 0.9 20.8 26.7 12.9 6.8 4.4 27.5 19.9 0.0 0.0 
32-36 7.3 21.5 5.5 5.5 683 1.15 0.078 0.9 21.1 28.4 14.2 6.6 3.9 24.9 20.2 0.0 0.0 
36-40 7.4 24.0 4.5 7.5 704 1.15 0.081 1.1 21.1 27.5 14.0 7.1 4.1 25.1 20.0 0.0 0.0 
40-44 7.5 25.5 5.5 7.0 720 1.11 0.080 0.7 19.7 28.6 14.7 7.4 4.4 24.5 19.2 0.0 0.0 
44-48 7.5 30.5 5.0 8.0 730 1.07 0.069 0.9 20.9 28.6 13.6 6.4 4.4 25.2 20.0 0.0 0.0 
48-52 *** ***** **** **** 752 1.05 0.100 1.0 23.6 30.4 12.6 5.7 3.8 22.9 21.5 0.0 0.0 
52-56 *** ***** **** **** 810 1.08 0.089 1.0 24.6 29.6 12.5 5.8 4.0 22.5 21.5 0.0 0.0 
56-60 *** ***** **** **** 820 1.12 0.C9Û 0.7 20.5 28.5 14.5 6.5 4.8 24.5 19.5 0.0 0.0 
60—64 *** ***** **** **** 852 1.12 0. 106 1.0 22.5 30.1 10.3 6.4 4.1 25.7 21.2 0.0 0.0 
64—68 ***** **** **** 854 1.13 0.093 1.2 24.2 27.9 11,3 5.7 4.4 25.4 21.5 0.0 0.0 
68-72 *** ***** **** **** 880 1.13 0.076 1.0 20.6 30.3 13.7 6.2 4.2 24.1 20.2 0.0 0.0 
72-76 *** ***** **** **** 880 1.06 0.078 1.1 22.9 30.4 13.0 5.2 3.5 24.0 21.6 0.0 0.0 
TABLE 26. PROFILÉ DATA FOR 12, HOLE 3 
31- 16— 
DEPTH PH AK IN AP TP FE MN SND 62 31 8—16 4—8 2-4 CLAY 6.M. CARB CONC 
(IN) (PPM) PPM PPM PPM (%) (%) i%. {%) (%) {%) (%) {%) (%) ip) (%) (%) 
0- 4 6.0 207.5 7.0 10.0 614 1.20 0.091 0.6 18.1 28.4 12.3 6.7 2.5 31.3 20.4 0.0 0.0 
4- 8 5.8 176.0 14.5 7.5 594 1.19 0.090 0.5 20.2 27.6 11.8 6.4 2.6 30.9 20.9 0.0 0.0 
8-12 6. 6 32.0 16.0 3.5 538 1.35 0.092 0.5 17.9 26.2 12.8 6.9 3.0 32.8 19.7 0.0 0.0 
12-16 6.9 25.0 13.5 4.0 460 1.40 0.101 0.6 17.7 26.7 13.2 7.0 3.3 31.6 19.5 0.0 0.0 
16-20 7.1 20.0 10.0 4.0 460 1.43 0.108 0.6 19.3 26.9 13.3 7.1 3.2 29.6 19.9 0.0 0.0 
20-24 7.2 18.5 9.5 5.0 540 1.38 0.111 0.8 20.4 27.3 13.1 7.0 3.4 28.0 20.2 0.0 0.0 
24-28 7.3 20.0 8.5 5.0 596 1.38 0.108 0.9 21.6 28.9 12.1 6.6 2.9 27.2 21.2 0.0 0.0 
28-32 7.3 22.0 7.5 5.0 624 1.40 0.117 1.0 17.9 27.1 13.6 7.5 3.8 29.2 19.3 0.0 0.0 
32-36 7.3 19.5 11.0 5.5 664 1.29 0.090 0.9 16.5 28.7 15.6 7.3 3.5 27.6 18.9 0.0 0.0 
36-40 7.4 21.0 15.0 6.0 698 1.27 0.088 0.9 20.1 28.7 14.2 6.8 3.4 26.0 20.2 0,0 0.0 
40—44 7.4 23.0 7.5 7.0 712 1.28 0.083 0.8 16.8 28.2 15.7 7.7 3.5 27.3 18.3 0.0 0.0 
44-48 7.3 25.0 6.5 7.5 720 1.24 0.111 1.0 18.5 28.2 14.9 8.8 2.8 25.8 19.4 0.0 o.c 
48-52 *** ***** **** **** 792 1.20 0.100 0.8 20.9 28.7 13.6 6.2 4.2 25.6 20.2 0.0 0.0 
52-56 *** ***** **** **** 824 1.18 0.081 0.9 25.0 30.7 11.7 6.1 2.6 23.0 22.4 0.0 0.0 
56-60 *** ***** **** **** 880 1.24 0.091 0.9 20.0 30.6 14.3 6.8 3.6 23.8 20.1 0.0 0.0 
60—64 ***** **** **** 880 1.18 0.100 0.8 21.3 29.8 13.8 6.6 3.5 24.2 20.5 0.0 0.0 
64—68 *** ***** **** **** 380 1.14 0.108 1.1 26.3 28.5 11.4 5.8 3.7 23.2 22.3 0.0 0.0 
68-72 *** ***** **** **** 908 1.21 0.091 0.7 18.6 31.8 15.3 6.8 3.5 23.2 19.7 0.0 0.0 
72-76 *** ***** **** **** 908 1.24 0.093 0.6 16.4 30.3 17.1 8.5 4.0 22.3 18.7 0.0 0.0 
TABLE 27 PROFILE DATA FOR T2, HOLE 4 
31- 16-
DEPTH PH AK IN AP TP FE MN SNO 62 31 8-16 4-8 2-4 CLAY G.M • CARB CONC 
(IN) (PPM) PPM PPM PPM { % )  (%) (%) (%) (%) (%) 1%) (%) ip) I Z )  1%} 
0- 4 5.9 188.5 8.5 13.0 638 1.11 0.091 0.5 21.0 28.1 11.9 5.7 3.7 29.2 20. 8 0.0 0.0 
4- 8 5.7 169.0 10.5 11.5 600 1.08 0.090 0.4 21.9 29.9 8.8 6.1 3.3 29.6 21. 6 0.0 0.0 
8-12 6. G 77.5 13.0 6.5 594 1.08 0.092 0.4 21.0 27.9 11.5 6.2 3.6 29.5 20. 6 0.0 0.0 
12-16 6.3 42.5 10.0 5.0 546 1.19 0.091 0.5 20.4 25.4 12.5 5.9 4.3 31.1 20. 0 0.0 0.0 
16—20 6.5 34.0 8.5 4.0 546 1.24 0.096 0.5 19.5 25.8 12.3 5.9 4.3 31.7 19. 8 0.0 0.0 
20-24 6. 6 28.0 8.5 3.5 538 1.28 0.103 0.6 18.2 26.4 12.7 6.7 3.7 31.8 19. 6 0.0 0.0 
24-28 6.8 23.0 9.5 4.5 496 1.30 0.110 0.7 18.7 26.9 12.8 6.8 3.9 30.1 19. 6 0.0 0.0 
28-32 6.9 23.0 9.5 5.0 542 1.28 0.112 0.9 18.5 27.7 12.9 6.7 4.2 29.3 19. 5 0.0 0.0 
32-36 6.9 23.0 9.0 4.5 600 1.21 0.100 0.8 21.2 27.9 12.5 6.4 4.0 27.3 20. 4 0.0 0.0 
36-40 7.C 20.0 11.0 6.0 630 1.28 0.106 1.0 22.2 26.7 11.9 5.9 4.2 28.0 20. 9 0.0 0.0 
40-44 7.0 22.5 10.5 6.0 658 1.18 0.094 1.0 21.1 27.6 12.9 6.4 4.1 27.0 20. 3 0.0 0.0 
44—48 7.1 21.5 11.5 7.5 694 1.26 0.033 0.9 22.8 28.2 12.7 6.2 3.8 25.4 21. 0 0.0 0.0 
48-52 »** ***** **** **** 741 1.12 0.090 0.8 21.3 29.0 14.1 6.3 4.1 24.5 20. 2 0.0 0.0 
52-56 *** ***** **** **** 792 1.07 0.075 0.6 22.1 27.8 14.0 6.4 4.4 24.8 20. 1 0.0 0.0 
56-60 ***** **** **** 810 1.07 0.088 0.7 24.3 28.4 12.3 6.1 4.0 24.2 21. 2 0.0 0.0 
60-64 *** ***** **** **** 810 1.08 0.113 0.8 22.7 29.7 12.6 6.0 3.9 24.3 21. 0 o.c 0.0 
64—68 *** ***** **** **** 848 1.10 0.083 0.7 20.4 29.2 14.0 6.6 4.3 25.0 19. 8 o.c 0.0 
68-72 *** ***** **** **** 852 1.12 0.086 0.6 19.2 27.8 14.6 7.0 4.6 26.2 19. 1 0.0 0.0 
72-76 *** ***** **** **** 852 1.10 0.076 0.8 21.9 28.9 12.1 6.0 4.4 25.9 20. 6 0.0 0.0 
TABLE 28. PROFILE DATA FOR T2, HOLE 5 
31- 16-
DEPTH PH AK IN AP TP FE MN SND 62 31 8-16 4—8 2-4 CLAY G.M. GARB GONG 
(IN) (PPM) PPM PPM PPM (%) (%) {%) (%) (%) (%) {%) { % )  (Z) i p )  t % )  (%) 
Û -  4 5.8 399.0 9.5 23.5 696 1.19 0.085 0.9 25.1 25.8 11.1 5.1 4.0 28.1 22.0 0.0 0.0 
4- 8 5.9 326.0 7.5 31.0 740 1.20 0.084 0.8 24.4 26.0 10.2 6.5 3.7 28.6 21.6 0.0 0.0 
8-12 6.0 49.0 8.0 12.0 700 1.21 0.083 0.5 23.6 26.4 11.0 5.3 3.6 29.6 21.7 0.0 0.0 
12-16 6.2 50.0 6.0 5.5 630 1.24 0.083 0.5 21.3 27.1 12.4 5.4 4.0 29.4 20.7 0.0 0.0 
16-20 6.4 38.5 8.5 4.5 620 1.39 0.087 0.5 20.4 25.4 12.2 5.6 4.2 31.8 20.2 0.0 0.0 
20-24 6.7 38.0 8.0 4.5 564 1.45 0.089 0.6 18.9 26.4 13.0 5.8 4.5 30.8 19.6 0.0 0.0 
24-28 6.8 33.0 8.0 4.0 574 1.38 0.093 0.8 19.0 27.4 13.6 6.1 4.3 28.8 19.7 0.0 0.0 
28-32 6.8 26.5 6.0 5.0 590 1.44 0.095 0.7 20.2 26.5 13.2 6.1 4.2 29.1 20.0 0.0 0.0 
32-36 6.8 27.û 9.5 7.0 650 1.44 0.091 0.9 19.8 26.7 13.5 6.1 4.4 28.6 19.8 0.0 0.0 
36-40 6.9 27.5 8.5 7.5 670 1.37 0.083 0.9 20.1 27.9 14.3 6.0 4.3 26.6 19.9 0.0 0.0 
40—44 6.9 27.5 6.0 9.0 704 1.36 0.077 0.3 21.3 28.3 14.2 5.9 4.5 25.2 20.1 0.0 0.0 
44— 48 7.1 31.0 6.0 9.5 724 1.37 0.074 0.7 19.9 28.7 14.3 6.3 4.3 25.7 19.7 0.0 0.0 
48-52 *** ***** **** **** 760 1.33 0.070 0.7 21.2 29.1 13.7 6.2 4.1 25.1 20.3 0.0 0.0 
52-56 *** ***** **** **** 788 1.29 0.072 1.0 25.8 29.1 12.3 5.1 3.9 23.0 22.1 0.0 0.0 
56-60 *** ***** **** **** 790 1.31 0.065 0.8 24.7 30.0 12.4 5.4 4.1 22.7 21.6 0.0 0.0 
60—64 *** ***** **** **** 804 1.35 0.101 0.9 19.1 28.9 15.7 6.5 4.4 24.5 19.3 0.0 0.0 
64—68 *** ***** **** **** 822 1.35 0.082 0.7 19.9 30.6 14.9 5.7 4.3 23.9 19.9 0.0 0.0 
68-72 *** ***** **** **** 790 1.34 0.090 0.9 25.0 28.7 11.7 5.5 4.1 24.1 21.7 0.0 0.0 
72-76 *** ***** **** **** 780 1.38 0.104 0.6 19.3 30.2 14.9 6.5 4.5 24. 0 19.4 0.0 0.0 
TABLE 29. PROFILE DATA FOR T2, HOLE 6 
31- 16— 
DEPTH PH AK IN AP TP FE MN SND 62 31 8-16 4-8 2-4 CLAY G.M. CARS CONC 
(IN) (PPM) PPM PPM PPM (%) (%) (%) (%) (%) (3) (%) (%) (%) (;j) (%) (%) 
C- 4 6.2 140.0 6.5 10.0 600 1.26 0.091 0.8 20.0 28.0 11.7 4.9 4.0 30.6 20.8 0.0 0.0 
4- 8 5.9 59.0 5.5 8.0 664 1.24 0.090 1.0 21.1 28.0 11.3 4.7 3.9 30.1 21.4 0.0 0.0 
8-12 6.3 32.5 8.0 5.0 570 1.33 0.097 0.7 20.5 27.2 11.6 5.1 4.1 30.7 2f}. ï 0.0 0.0 
12-16 6.9 20.5 2.0 4.5 574 1.33 0.091 1.0 22.2 27.8 12.1 5.3 4.4 27.2 21.0 0.0 0.0 
16-20 7.1 17.5 1.5 5.5 596 1.26 0.088 1.0 22.6 28.6 12.6 5.4 4.1 25.7 21.1 0.0 0.0 
20-24 7.1 17.0 3.0 5.5 624 1.27 0.088 1.0 22.2 28.6 13.0 5.4 4.1 25.6 21.0 0.0 0.0 
24-28 7.2 19.0 3.5 7.5 630 1.31 0.088 0.9 21.8 28.4 13.4 5.6 4.5 25.5 20.5 0.0 0.0 
28-32 7.2 19.5 2.5 7.0 658 1.24 0.085 1.2 21.9 29.3 13.5 5.4 4.4 24.3 20.8 0.0 0.0 
32-36 7.2 22.5 4.5 8.5 664 1.20 0.083 1.3 24.5 27.6 13.0 5.3 4.3 24.2 21.5 0.0 0.0 
36-40 7.2 22.0 3.5 12.0 696 1.23 0.091 1.3 22.9 29.1 13.1 5.4 4.6 23.7 21.0 0.0 0.0 
40-44 7.2 22.0 2.5 14.0 696 1.28 0.085 1.1 22.3 28.7 13.2 5.9 4.9 24.0 20.4 0.0 0.0 
44-48 7.2 24.5 3.5 15.5 780 1.26 0.088 1.0 21.5 29.5 13.6 5.9 5.2 23.2 20.0 0.0 0.0 
48-52 *** ***** **** **** 810 1.25 0.091 1.0 21.1 29.3 15.3 6.8 3.3 23.2 20.3 0.0 0.0 
52-56 *** ***** **** **** 828 1.24 0.098 0.9 19.2 28.6 15.5 6.7 4.9 24.2 19.1 0.0 0.0 
56—60 *** ***** **** **** 852 1.25 0.068 0.7 20.4 30.7 15.0 6.2 4.4 22.7 19.8 0.0 0.0 
60—64 *** ***** **** **** 843 1.19 0.084 1.1 25.8 28.3 13.5 5.3 4.5 21.7 21.5 0.0 0.0 
64—68 *** ***** **** **** 850 1.24 0.133 1.4 26.9 29.6 12.3 5.3 3.7 20.7 22.6 0.0 0.0 
68-72 **» ***** **** **** 850 1.25 0.123 1.4 25.7 30.5 12.5 5.3 4.3 20.5 22.0 0.0 0.0 
72-76 *** ***** **** **** 828 1.21 0.104 1.8 24.3 31.6 15.1 6.1 4.9 16.4 20.9 0.0 0.0 
TABLE 30. PROFILE DATA FOR T2, HOLE 7 
31- 16-
DEPTH PH AK IN AP TP FE MN SNO 62 31 3-16 4-8 2-4 CLAY G* Mm GARB CONG 
(IN) (PPM) PPM PPM PPM (%) (%) (%) (%) (%) ( %) (%) (%) {%) (JU) (%) i%) 
0- 4 6.3 84.5 5.5 10.0 702 1.25 0.086 0.6 21.9 26.8 12.0 5.2 2.9 30.7 21.6 0.0 0.0 
4- 8 6.3 59.0 6.5 8.5 630 1.26 0.087 0.6 21.9 27.3 11.4 5.2 3.7 30.0 21.3 0.0 0.0 
8-12 6.7 21.0 5.5 4.5 558 1.28 0.087 0.9 22.1 27.4 12.4 5.9 4.0 27.4 20.8 0.0 0.0 
12-16 7.0 17.5 4.5 5.5 582 1.27 0.090 0.9 22.5 28.3 12.3 6.0 4.1 25.9 20.9 0.0 0.0 
16-20 7.1 15.5 3.0 6.5 664 1.29 0.084 1.0 23.6 27.0 13.1 6.1 4.3 25.0 20.9 0.0 0.0 
20-24 7.1 16.0 3.0 6.5 728 1.30 0.083 0.8 20.2 28.1 14.7 7.0 4.6 24.6 19.4 0.0 0.0 
24-28 6.9 18.5 3.0 8.0 756 1.28 0.085 0.8 21.5 28.2 14.2 7.1 4.4 23.9 19.8 0.0 0.0 
28-32 7.C 20.5 3.5 8.0 762 1.23 0.111 1.1 23.1 28.5 13.3 6.9 3.5 23.6 21.0 0.0 0.0 
32-36 7.1 23.5 2.5 7.5 774 1.20 0.081 0.9 24.1 29.5 13.1 5.9 4.2 22.3 21.1 0.0 0.0 
36-40 7.2 23.5 3.0 8.5 780 1.18 0.075 0.9 26.1 30.4 12.2 5.6 4.0 20.9 21.9 0.0 0.0 
40—44 7.3 25.0 2.5 8.0 780 1.26 0.105 1.4 29.6 27.7 11.1 5.0 3.3 20.8 23.0 0.0 0.0 
44—48 7.3 22.5 1.5 8.5 810 1.24 0.104 1.2 25.4 28.4 12.7 6.0 4.2 22.2 21.5 0.0 0.0 
48-52 *** ***** **** **** 824 1.29 0.058 1.1 20.9 30.4 14.5 6.4 4.3 22.5 20.1 0.0 0.0 
52-56 *** ***** **** **** 852 1.05 0.012 0.6 23.6 29.6 13.4 6.0 4.2 22.7 20.8 0.0 0.0 
56-60 *** ***** **** **** 828 0.59 0.006 0.5 23.3 31.7 14.8 6.2 4.7 18.9 20.3 0.0 0.0 
60—64 *** ***** **** **** 780 0.49 0.005 0.5 23.8 34.9 14.0 5.6 4.3 17.0 21.0 4.0 0.0 
64-68 *** ***** **** **** 774 0.52 0.015 0.5 23.4 32.2 14.7 5.9 4.8 18.6 20.4 4.0 0.0 
68-72 *** ***** **** **** 780 0.85 0.021 0.7 21.5 33.8 15.1 6.4 5.1 17.3 19.8 3.5 0.0 
72-76 *** ***** **** **** 730 0.78 0.025 0.6 25.7 32.5 12.6 5.8 4.7 18.1 21.3 3.5 0.0 
TABLE 31. PROFILE DATA FOR T2, HOLE 8 
31- 16— 
DEPTH PH AK IN AP TP FE MN SND 62 31 
0
 1 c
o
 4—8 2-4 CLAY G. M. CARB CONC 
( IN) (PPM) PPM PPM PPM (S) (%) IZ) (%) (%) { % )  <%)  (3) (%) (%) (%) 
0- 4 6.3 72.5 8.0 10.0 620 0.93 0.046 0.6 22.7 27.1 10.0 5.3 3.4 31.0 21.9 0.0 0.0 
4- 8 6.4 33.0 5.0 4.5 600 0.85 0.040 0.5 22.9 27.4 10.3 5.0 3.4 30.5 21.9 0.0 0.0 
8-12 6.7 21.0 4.0 5.5 620 0.59 0.016 0.5 23.4 28.6 11.C 5.3 3.5 27.7 21.8 0.0 0.0 
12-16 6.9 19.5 4.0 6.5 670 0.51 0.011 0.5 25.5 28.4 11.1 5.1 3.1 26.3 22.6 0.0 0.0 
16—20 7.1 22.0 3.5 8.0 730 0.53 0.008 0.5 25.3 29.6 11 .0  4.9 3.7 25.0 22.3 0.0 0.0 
20-24 8.0 22.5 2.0 5.5 790 0.89 0.009 0.6 27.7 31.5 11.2 4.9 3.8 20.3 22.7 0.0 0.0 
24-28 8.3 26.5 2.5 4.5 822 0.48 0.009 0.8 25.1 30.0 12.3 5.8 4.2 21.8 21-5 5.0 0.2 
28-32 8.3 26.5 3.0 3.5 324 0.59 0.013 1.0 23.7 29.2 13.0 6.0 4.6 22.6 20.8 5.0 0.1 
32-36 8.4 28.5 4.0 4.5 794 0.43 0.010 1.0 23.6 30.2 12.8 5.7 4.2 22.5 21.2 5.5 0.3 
36-40 8.5 30.0 4.5 4.0 744 0.67 0.030 1.7 22.1 28.8 14.3 6.4 4.7 22.0 20.4 6.0 0.8 
40-44 8.5 24.0 3.5 3.0 740 0.89 0.031 1.0 26.2 31.2 12.9 5.4 4.1 19.3 21.9 4.5 0.2 
44-48 8.5 29.0 2.0 3.0 720 0.71 0.035 0.8 26.3 30.7 12.5 5.6 4.7 19.5 21.5 5.5 0.0 
48-52 *** ***** **** **** 728 0.66 0.027 0.8 24.8 31.7 12.9 5.6 4.6 19.7 21.2 5.5 0.0 
52-56 *** ***** **** **** 760 0.62 0.032 0.7 22.3 30.8 13.2 6.0 4.9 22.2 20.3 4.0 0.0 
56—60 *** ***** **** **** 762 0.77 0.009 0.7 18.8 29.4 14.0 7.0 5.3 23.2 18.7 4.0 0.0 
60-64 ***** **** **** 762 0.68 0.01- 0.7 21.6 31.1 14.1 6.4 5.0 21.1 19.9 2.5 0.0 
64—68 *** ***** **** **** 774 0.53 0.012 0.5 25.9 30.7 12.9 5.6 4.1 20.2 21.6 2.5 0.0 
68-72 *** ***** **** **** 794 0.41 0.004 0.4 23.2 31.5 13.3 6.0 4.4 21.3 20.6 3.0 0.0 
72-76 *** ***** **** **** 774 0.41 0.003 0.3 21.3 29.7 14.3 6.7 5.0 22.7 19.4 2.5 0.0 
TABLE 32. PROFILE DATA FOR T2, HOLE 9 
31- 16-
DEPTH PH AK IN AP TP FE MN SND 62 31 
(IN) (PPM) PPM PPM PPM (%) { % )  (%) (%) (%) 
0— 4 6.9 79.5 7.0 5.5 606 0.90 0.074 0.9 21.5 28.4 
4- 8 6.5 61.5 6.5 5.5 582 0.93 0.076 0.7 22.5 27.8 
8-12 6.9 24.0 4.5 3.0 560 0.67 0.059 0.6 22.2 27.8 
12-16 7.3 20.5 3.0 3.0 620 0.62 0.055 0.6 19.9 29.3 
16-20 8.3 25.0 2.5 3.0 664 0.58 0.047 0.7 20.0 27.4 
20-24 8.4 24.0 2.5 3.0 728 0.41 0. 030 0.8 20.9 29.5 
24-28 8.4 24.0 3.5 3.0 730 0.46 0.032 0.7 23.6 31.0 
28-32 8.5 24.0 2.5 2.5 694 0.56 0.046 1.0 24.3 31.6 
32-36 3.5 25.5 3.0 3.0 696 0.75 0.058 1.0 24.0 30.1 
66—40 8.5 25.5 3.5 2.5 720 0.54 0.069 1.0 24.9 29.7 
40—44 3.5 23.5 3.5 2.0 720 0.81 0.132 1.4 24.2 31.1 
44-48 8.5 24.5 4.5 2.0 720 0.84 0.093 2.0 23.8 30.6 
48-52 *** ***** **** **** 728 1.07 0.188 4.0 23.5 30.2 
52-56 *** ***** **** **** 728 0.95 0.174 2.2 25.1 31.0 
56-60 **» ***** **** **** 728 0.97 0.075 1.0 26,5 31.7 
60—64 *** ***** **** **** 728 1.08 0.064 1.2 28.6 32.2 
64—68 *** ***** **** **** 728 0.73 0.053 0.9 24.7 32.6 
68-72 *** ***** **** **** 730 0.63 0.072 1.0 25.5 33.3 
72-76 *$* ***** **** **** 730 0.68 0.046 0.8 22.7 33.3 
8-16 4—8 2-4 CLAY G.M. CARB CONC 
(%) (%) 1 % )  (%) (>» (%) 1 % )  
11.2 4.7 3.3 30.0 21.8 0.0 0.0 
10.8 4.7 2.9 30.8 22.3 0.0 0.0 
11.8 5.5 3.6 28.5 21.2 0.0 0.0 
12.9 6.0 4.0 27.4 20.2 0.0 0.0 
14.9 7.5 5.1 24.5 16.8 2.0 0.0 
15.5 7.3 4.8 21.1 19.3 5.5 0.0 
13.5 6.0 4.5 20.9 20.7 6.5 0.0 
12.2 5.6 4.5 20.8 21.4 5.5 0.0 
13.1 6.2 4.7 20.9 20.8 5.5 0.0 
12.7 6.3 5.2 20.3 20.8 4.0 0.0 
12.9 5.6 5.1 19.7 21.1 3-5 0.1 
12.4 5.8 4.8 20.7 21.4 6.5 0.6 
12.7 5.7 4.7 19.3 22.1 8.0 3.4 
11.8 5.6 4.6 19.8 22.0 6.0 4.5 
11.7 5.5 4.4 19.3 22.0 3.5 0.4 
11.2 4.9 4.5 17.5 22.8 3.5 0.0 
12.8 5.6 4.3 18.3 21.5 3.5 0.0 
13.0 5.7 4.0 17.6 21.7 4.5 0.1 
14.7 6.1 4.3 18.1 20.6 5.5 0.6 
TABLE 33. PROFILE DATA FOR T2, HOLE 10 
31- 16-
DEPTH PH AK IN AP TP FE MN SND 62 31 8-16 4—8 2-4 CLAY G.M. CARB CONC 
(IN) (PPM) PPM PPM PPM (%) (%) (%) (%) (%) (%) (%) (%) (%) (/J) (%) 1 % )  
0— 4 6.5 84.5 11.0 5.0 634 0.98 0.087 0.7 22.0 27.0 10.8 5.4 3.3 30.8 21.6 0.0 0.0 
4- 8 6.7 31.5 5.5 3.0 600 0.95 0.084 0.8 22.6 27.9 9.9 5.2 3.5 30.1 22.0 0.0 0.0 
8-12 6.8 24.5 4.0 2.0 600 1.03 0.088 0.7 23.3 26.4 10.8 5.6 3.3 29.9 21.8 0.0 0.0 
12-16 6.9 20.5 3.0 2.5 638 1.33 0.129 0.8 23.4 27.6 11.1 5.7 4.0 27.4 21.4 0.0 0.0 
16-20 7.2 20.0 3.0 2.0 662 1.47 0.146 1.1 25.3 28.0 11.2 5.6 4.3 24.5 21.8 0.0 0.0 
20-24 8.0 22.0 3.0 2.0 774 1.38 0.091 1.6 25.4 31.0 11.6 5,9 4.5 19.9 21.8 3.5 0.4 
24-28 8.1 22.5 5.0 2.0 762 1.02 0.051 1.4 25.0 30.5 11.7 5.7 3.9 21.8 22.0 5.0 0.5 
28-32 8.2 23.5 5.0 2.0 752 0.66 0.040 1.2 25.2 30.2 12.1 5.9 3.9 21.7 21.8 5.0 0.0 
32-36 8.4 25.5 3.5 2.0 752 0.49 0.030 1.0 23.4 33.8 13.2 5.7 3.8 19.2 21.4 5.5 0.2 
36-40 8.4 27.5 2.5 2.5 728 0.34 0.008 0.6 21.3 28.1 13.3 7.1 4.9 24.8 19.6 5.0 0.0 
40—44 8.5 26-0 4.0 2.5 696 0.26 0.011 0.6 26.9 29.5 11.8 6.1 4.0 21.2 21.9 5.0 0.0 
44—48 8.4 26.5 5.0 2.0 720 0.46 0.065 1.0 29.0 31.6 12.2 5-1 3.4 17.8 23.1 5.5 0.0 
48-52 *** ***** **** **** 750 0.53 0.041 0.9 29.7 30.4 12.0 5.2 3.8 18.0 23.0 5.5 0.3 
52-56 *** ***** **** **** 752 0.49 0.009 0.5 29.0 32.2 11.3 5.0 3.5 18.5 23.1 4.5 0.0 
56-60 *** ***** **** **** 730 0.61 0.028 0.6 28.6 31.4 12.0 5.1 3.7 18.7 22.7 4.5 0.0 
60—64 *** ***** **** **** 740 0.45 0.058 0.6 26.9 31.8 12.4 5.2 3.7 19.3 22.3 4.5 0.0 
64-68 *** ***** **** **** 730 0.51 0.055 0.6 25.8 33.5 12.9 5.1 3.5 18.7 22.2 4.0 0.0 
63-72 *** ***** **** **** 730 0.70 0.104 1.1 23.7 32.9 14.1 6.0 3.6 18.6 21.3 4.5 0.0 
72-76 *** **#** **** **** 728 0.64 0.071 0.9 23.3 33.3 14.6 6.2 3.8 18.0 20.9 4.5 0.0 
TABLE 34, PROFILE DATA FOR T2, HOLE 11 
DEPTH PH AK IN AP TP FE MN SNO 
( IN) (PPM) PPM PPM PPM (%) i%) 1%) 
0- 4 6.4 163.0 22.5 6.0 662 0.98 0.035 0.8 
4- 8 6.3 45.0 11.0 5.0 634 0.92 0.080 0.8 
8-12 6.7 24.0 9.5 3.0 620 0.95 0.086 0.8 
12-16 6.8 20.0 7.5 3.0 606 0.78 0.068 0.5 
16-20 7.0 19.5 9.0 3.0 600 0.73 0.096 0.7 
20-24 7.6 22.0 8.0 2.5 654 0.79 0.124 1.7 
24-28 7.7 20.0 12.5 2.0 694 0.91 0.040 1.3 
28-32 7.9 20.0 10.0 2.0 696 0.93 0.057 1.2 
32-36 8.1 22.0 10.5 2-0 720 1.37 0.062 1.3 
36-40 8.2 24.5 6.0 2.5 720 0.56 0.090 1.1 
40-44 8.2 25.5 13.0 2.0 728 0.90 0.101 1.4 
44-48 8.3 24.5 9.0 2.0 732 0.99 0.030 1.0 
48-52 *** ***** **** **** 720 1.31 0.072 1.4 
52-56 *** ***** **** **** 720 1.09 0.094 1.0 
56—60 ***** **** **** 723 1.13 0.155 1.4 
60-64 ***** **** **** 720 1.06 0.165 1.7 
64-68 *** ***** **** **** 723 2.45 0.184 2.8 
68-72 *** ***** **** **** 720 1.07 0. 151 1.3 
72-76 ***** **** **** 694 0.76 0.091 1.5 
31- 16-
62 31 8-16 4-8 2-4 CLAY G.M. CARB CONC 
(%) (%) (%) {%) (%) {%) (JJ) {%) (%) 
22.3 27.7 10.7 5.1 3.2 29.7 22.1 0.0 0.0 
22.5 27.6 10.5 5.2 3.6 29.9 21.7 0.0 0.0 
21.9 29.0 10.7 5.7 3.6 28.5 21.4 0.0 0.0 
21.2 30.4 11.4 5.4 3.7 27.3 21.1 0.0 0.0 
24.4 29.3 11.4 5.6 3.9 24.7 21.7 0.0 0.2 
25.8 30.4 12.3 6.8 4.6 18.4 21.4 11.5 4.6 
22.8 32.4 13.6 6.6 3.6 19.7 21.1 7.5 0.0 i\) 
23.8 32.9 13.3 6.0 4.1 18.8 21.2 7.5 0.1 \jj 
-vj 
24.5 32.2 12.2 5.9 4.1 19.7 21.6 7.0 0.0 
22.6 33.6 13.2 5.9 3.9 19.7 21.1 6.0 0.1 
24.4 32.1 13.1 6.1 4.0 19.0 21.5 6.5 0.3 
23.3 31.4 13.1 6.1 4.1 20.6 21.1 5.0 0.0 
24.9 34.0 12.3 5.6 3.9 18.0 22.0 5.5 0.6 
25.9 32.4 12.6 5.9 4.0 18.1 21.8 11.0 9.2 
23.5 32.0 14.0 6.8 4.3 18.1 20.8 4.5 0.1 
21.3 32.8 14.2 7.2 4.8 18.1 20.1 7.5 0.1 
21.8 32.0 13.4 6.7 4.6 18.7 20.9 5.5 0.2 
25.3 32.8 13.0 6.0 4.4 17.3 21.5 5.5 0.0 
25.1 34.4 12.2 5.8 3.8 17.2 22. 1 5.0 0.0 
TABLE 35. PROFILE DATA FOR T2, HOLE 12 
31- 16-
DEPTH PH AK IN AP TP FE MN SND 62 31 8-16 4-8 2-4 CLAY G.M . GARB CONC 
(IN) (PPM) PPM PPM PPM (%) (%) {%} (%) (%) (%) {%) (%) {%) (p) (%) {%\ 
0- 4 6.8 117.5 12.0 2.5 688 1.20 0.104 0.8 21.9 28.7 10.8 4.7 3.1 30.1 22.1 0.0 0.0 
4— 8 6.5 64.5 16.0 2.0 650 1.17 0.099 0.7 24.6 26.9 10.1 4.8 3.1 29.9 22.8 0.0 0.0 
8-12 6.6 28.0 13.5 1.0 638 1.28 0.107 0.7 25.4 26.9 10.0 5.0 3.1 28.9 22.9 0.0 0.0 
12-16 7.0 21.5 9.0 1.0 630 1.46 0.116 1.1 23.9 27.9 10.4 5.1 3.4 28.2 22.4 0.0 0.0 
16-20 7.0 20.0 7.0 1.0 664 1.73 0.152 1.0 24.6 28.0 10.8 5.1 3.6 26.9 22.3 0.0 0.0 
20-24 7.1 19.5 10.5 1.5 700 2.02 0.159 1.3 24.4 28.3 11.1 5.4 3.5 26.0 22.3 0.0 0.0 
24-28 8.0 21.5 5.0 0.5 710 1.82 0.134 1.4 22.5 29.9 11.8 6.1 4.6 23.6 20.9 2.5 0.0 
28-32 8.0 21.0 9.0 0.5 720 1.67 0.087 2.6 23.7 29.3 12.2 6.5 4.9 20.8 21.3 10.5 1.8 
32-36 8.1 21.0 4.5 1.0 712 1.11 0.046 1.8 23.1 30.8 13.2 6.6 4.5 20.0 20.9 13.0 4.2 
36-40 8.2 19.5 4.5 1.0 698 1.83 0.093 1.9 19.3 31.4 15.0 7.3 4.8 19.2 19.5 12.0 3.8 
40-44 8.3 26.0 9.5 3.5 674 0.68 0.082 1.3 23.1 31.5 13.6 6.7 3.9 19.9 20.9 8.5 0.0 
44—48 8.3 31.0 8.5 2.5 688 1.38 0.141 1.6 21.2 30.5 13.8 7.2 5.2 20.4 19.8 12.0 2.1 
48-52 *** ***** **** **** 683 1.32 0.080 1.7 25.5 31.9 11.7 5.1 4.8 19.3 22.0 12.5 6.1 
52-56 *** ***** **** **** 670 2.31 0.196 1.9 25.0 31.2 12.9 6.0 4.4 18.7 21.7 5.5 0.0 
56—60 *** ***** **** **** 693 2.23 0.212 2.1 22.4 31.3 14.2 6.6 4.8 18.5 20.6 8.5 1.6 
60—64 *** ***** **** **** 690 2.40 0.238 2.7 22.3 32.7 13.7 6.3 4.3 18.0 21.3 7.0 0.1 
64—68 *** ***** **** **** 686 1.22 0.203 1.4 23.8 32.6 14.1 6.4 4.8 17.0 20.7 8.0 0.1 
68-72 *** ***** **** **** 700 1.67 0.220 1.2 21.6 33.5 14.5 6.6 4.5 18.1 20.3 6.0 0.0 
72-76 ***** **** **** 690 1.73 0.169 1.3 18.4 32.2 16.6 7.5 5.0 18.1 18.7 8.0 0.0 
TABLE 36. PROFILE DATA FOR T2t HOLE 13 
31— 16— 
DEPTH PH AK IN AP TP FE MN SNO 62 31 8-16 4—8 2-4 CLAY G.M. GARB GONG 
(IN) (PPM) PPM PPM PPM (%) (%) (%) (%) (%) (%) {%) (%) (%) (AJ) i % )  { % )  
0- 4 6.1 58.5 16.5 5.5 620 1.24 0.103 1.0 24.5 26.9 10.6 4.0 3.6 29.4 22.8 0.0 0.0 
4- 8 6.1 59.5 11.0 6.0 588 1.20 0.097 0.8 26.2 25.7 9.4 5.0 3.1 29.9 23.2 0.0 0.0 
8-12 6.5 27.5 5.5 2.5 558 1.24 0. 104 0.8 25.4 26.7 10.1 4.1 3.7 29.3 22.9 0.0 0.0 
12-16 6.7 21.5 4.5 2.0 516 1.35 0.121 1.1 23.4 27.7 10.6 4.5 3.9 28.9 22.2 0.0 0.0 
16-20 6.8 20.5 5.0 1.5 536 1.43 0.135 1.1 26.0 25.8 10.2 5.4 3.8 27.8 22.5 0.0 0.0 
20-24 6.9 21.5 4.5 1.5 532 1.48 0.157 1.2 25.6 26.6 10.8 4.3 3.9 27.7 22.8 0.0 0.0 
24-28 6.9 21.5 13.5 1.5 538 1.63 0.179 1.5 23.0 28.3 10.8 4.9 3.7 27.8 22.2 0.0 0.0 ro 
28-32 7.C 18.0 5.0 2.5 614 1.62 0.182 1.6 24.2 27.3 11.3 4.7 4.0 27.0 22.3 0.0 0.0 VjJ VO 
32-36 7.2 17.5 3.5 2.5 658 1.77 0.155 1.7 22.7 28.7 11.5 4.5 4.0 26.9 22.1 0.0 0.0 
36-40 8,1 17.0 4.0 1.0 634 3.15 0.265 5.6 22.4 29.4 11.7 5.3 5.5 20.1 22.4 8.0 6.9 
40-44 8.2 19.0 4.0 1.0 624 1.23 0.111 3.1 24.4 29.2 12.1 5.3 4.6 21.3 22.3 9.0 1.1 
44-48 8.3 19.5 4.0 1.0 624 0.37 0.159 2.9 22.7 31.1 13.2 5.7 4.9 19.5 21.4 18.5 10.2 
46-52 *** ***** **** **** 661 1.43 0.274 3.4 22.4 31.9 13.2 5.5 4.6 19.1 21.7 18.5 16.3 
52-56 *** ***** **** **** 657 0.79 0.071 1.9 22.2 31.0 14.6 5.8 4.2 20.4 21.0 9.0 2.9 
56-60 *** ***** **** **** 662 0.47 0.084 1.8 24.9 32.8 12.2 4.7 3.7 19.9 22.6 8.0 3.4 
60—64 *** ***** **** **** 662 0.44 0.154 2.0 20.5 33.3 13.5 5.9 4.0 20.8 21.0 9.0 2.2 
64—68 ***** **** **** 662 1.66 0.167 2.8 24.5 30.2 12.4 5.6 4.4 20.1 22.1 7.5 1.2 
63-72 *** ***** **** **** 664 1.19 0.105 1.8 25.7 31.2 12.5 5.1 4.1 19.5 22.3 6.0 0.1 
72-76 *** ***** **** **** 664 1.67 0.154 2.0 20.1 31.7 13.9 6.1 5.0 21.2 20.2 6.0 0.0 
TABLE 37. PROFILE DATA FOR T2, HOLE 14 
31— 16— 
DEPTH PH AK IN AP TP FE MN SND 62 31 8-16 4-8 2-4 CLAY G.M. GARB CONG 
(IN) (PPM) PPM PPM PPM {%) (%) i % )  (%) (%) (%) (%) (3) (%) (jU) (%) 1 % )  
0- 4 6.0 156.0 12.0 11.5 664 1.19 0.094 0.9 25.4 26.1 11.0 4.5 3.0 29.2 23.0 0.0 0.0 
4— 8 6.1 64.0 9.5 5.5 630 1.14 0.094 0.8 26.8 25.5 10.4 4.6 3.4 28.6 23.1 0.0 0.0 
8-12 6. 6 57.5 10.0 2.5 560 1.13 0.100 0.8 25.8 25.2 10.6 4.9 3.6 29.1 22.6 0.0 0.0 
12-16 6.8 53.0 11.5 3.0 558 1.16 0.099 0.8 24.5 26.4 10.3 4.3 3.4 30.4 22.7 0.0 0.0 
16-20 6.9 32.0 13.5 3.5 542 1.16 0.099 0.7 27.2 24.5 10.0 4.2 3.4 30.0 23.4 0.0 0.0 
20-24 7.1 31.0 5.5 4.0 546 1.24 0.107 0.8 26.6 25.2 9.9 4.5 2.9 30.1 23.6 0.0 0.0 
24-28 7.0 34.0 15.5 5.5 538 1.25 0.111 0.9 24.7 27.2 10.0 4.6 2.9 29.6 23.1 0.0 0.0 
28-32 7.0 29.5 9.5 7.5 524 1.21 0.121 1.1 27.5 25.2 9.9 4.1 2.6 29.6 24.3 0.0 0.0 
32-36 7.0 29.0 5.5 8.0 516 1.26 0.131 1.2 27.5 26.5 10.0 4.2 3.0 27.6 24.0 0.0 0.0 
36—40 7.0 27.0 5.0 9.0 548 1.28 0.143 1.3 27.0 27.2 10.2 4.1 3.2 27.0 23.8 0.0 0.0 
40—44 7.0 25.5 4.5 10.5 630 1.24 0.147 1.2 28.1 27,1 10.2 4.2 3.2 26.2 23.9 0.0 0.0 
44—48 7.0 25.0 6.0 13.5 694 1.27 0.160 1.2 27.8 27.3 10.3 4.4 3.0 25.9 23.9 0.0 0.0 
48-52 ***** **** **** 728 1.22 0.128 1.2 27.5 27.9 10.1 4.4 2.9 26.0 23.9 0.0 0.0 
52-56 *** ***** **** **** 762 1.24 0.122 1.0 28.6 27.7 10.0 4.5 3.0 25.2 24.0 0.0 0.0 
56—60 *** ***** **** **** 780 1.33 0.143 1.3 28.5 27.5 9.9 4.1 3.2 25.5 24.2 0.0 0.0 
60—64 *** ***** **** **** 740 1.30 0.134 1.2 27.4 28.4 9.6 4.5 2.6 26.4 24.2 0.0 0.0 
64—68 *** ***** **** **** 730 1.28 0.129 2.3 27.1 28.2 10.9 5.5 4.6 21.4 22.6 5.5 0.0 
68-72 *** ***** **** **** 662 1.32 0.148 3.5 22.2 28.5 11.5 6.0 4.9 23.4 21.6 10.0 0.9 
72-76 *** ***** **** **** 662 1.22 0.154 3.8 22.6 27.2 11.9 6.4 5.2 23.0 21.4 12.5 3.1 
TABLE 33. PROFILE DATA FOR 12, HOLE 15 
31- 16-
ûcPTH PH AK IN AP TP FE MN SND 62 31 8-16 4-8 2-4 CLAY 6.H. CARS CONC 
( IN) (PPM) PPM PPM PPM {%) 1%) m (%) 1%) (%) i%) (%) (%) («) I Z )  
0- 4 6.5 140.0 16.5 6.5 582 1.09 0.091 0.8 25.4 27.2 10.7 5.3 3.8 26.9 22.2 0.0 0.0 
4- 8 6.0 128.0 10.0 7.0 582 1.05 0.091 0.5 25.0 27.7 10.3 4.6 3.5 28.5 22.5 0.0 0.0 
8-12 6.2 36.5 6.5 3.0 536 1.05 0.085 0.4 24.4 27.8 10.3 5.0 3.3 28.7 22.3 0.0 0.0 
12-16 6.9 37.0 5.0 3.0 510 1.09 0.088 0.4 23.8 28.3 10.6 4.8 3.2 28.9 22.3 0.0 0.0 
16-20 6.9 35.0 3.5 4.0 498 1.09 0.089 0.4 25.9 26.9 10.1 4.6 2.9 29.3 23.1 0.0 0.0 
20-24 6.8 31.5 7.0 5.0 490 1.09 0.093 0.4 25.7 27.4 9.9 4.3 3.1 29.2 23.1 0.0 0.0 
24-28 6.8 34.0 15.0 6.0 486 1.12 0.096 0.5 25.3 28.0 9.9 4.7 3.0 28.6 23.0 0.0 0.0 
28-32 6.8 34.5 6.0 7.0 480 1.07 0.098 0.5 27.7 27.0 9.6 4.4 3.2 27.6 23.6 0.0 0.0 
32-36 6.9 35.G 5.0 7.5 490 1.06 0.099 0.6 27.9 27.4 9.5 4.2 3.2 27.2 23.8 0.0 0.0 
36-40 6.9 35.0 5.5 8.5 516 1.09 0.104 0.6 27.1 28.2 9.3 4.4 3.2 27.2 23.6 0.0 0.0 
40—44 6.7 34.0 4.5 8.5 524 1.11 0.108 0.6 28.7 26.4 9.3 4.1 3.0 27.9 24.2 0.0 0.0 
44-48 6.9 34.5 4.5 8.5 536 1.11 0.110 0.7 25.5 28.9 9.3 4.1 3.4 28.1 23.3 0.0 0.0 
48-52 ***** * ** * **** 538 1.09 0.109 0.9 27.2 28.1 9.2 4.3 2.9 27.5 24.0 0.0 0.0 
52-56 ***** **** **** 570 1.15 0.105 0.9 30.0 26.5 8.7 4.2 3.1 26.6 24.7 0.0 0.0 
56-60 *** ***** **** **** 586 1.16 0.109 1.0 29.6 27.1 8.7 4.1 2.7 26.8 24.9 0.0 0.0 
60—64 *** ***** **** * * ** 606 1.12 0.100 0.8 26.7 28.0 9.1 4.0 3.4 28.0 23.7 0.0 0.0 
64-68 *** ***** **** **** 630 1.14 0.109 0.9 28.0 27.0 9.6 4.2 3.0 27.3 24. 1 0.0 0.0 
63-72 *** ***** **** **** 653 1.15 0.109 0.9 27.3 28.0 9.4 4.5 3.1 26.9 23.8 0.0 0.0 
72-76 *** ***** **** **** 664 1.21 0.139 1.1 28.2 28.1 9.4 4.3 3.2 25.8 24.1 0.0 0.0 
TABLE 39. PROFILE DATA FOR T2, HOLE 16 
31- 16-
DEPTH PH AK IN AP TP FE MN SND 62 31 8-16 4—8 2-4 CLAY G. M. CARB CONG 
(IN) (PPM) PPM PPM PPM (%) (%) {%) (%) < % )  (%) (%) (%) (3) (>J) (%) (%) 
C- 4 6.5 500.0 13.5 36.5 328 1.12 0.088 1.0 23.1 28.3 11.3 5.2 3.0 28.2 22.2 0.0 0.0 
4- 8 6.7 198.0 7.0 40.0 822 1.09 0.081 0.7 24.8 27.1 10.8 5.2 2.7 28.7 22.7 0.0 0.0 
8-12 6.7 341.5 7.5 33.5 752 1.09 0.083 0.7 25.8 26.9 10.3 4.9 3.0 28.5 23.0 0.0 0.0 
12-16 6. 6 188.0 8.0 32.0 810 1.11 0.086 0.7 25.8 27.7 10.1 4.9 2.7 28.2 23.3 0.0 0.0 
16-20 6.5 166.5 9.5 51.5 854 1.19 0.089 0.7 27.3 25.8 10.1 4.7 3.2 28.2 23.3 0.0 0.0 
20-24 6.2 172.5 8.0 49.0 854 1.12 0.079 0.6 27.5 28.1 10.4 4.7 2.8 25.9 23.5 0.0 0.0 
24-28 6.4 242.0 7.5 33.0 792 1.11 0.085 0.7 26.6 26.8 10.1 5.0 3.0 27.9 23.2 0.0 0.0 M 
29-32 6.6 284.0 7.5 35.0 676 1.10 0.085 0.6 23.5 25.0 11.0 5.4 3.8 30.6 21.5 0.0 0.0 ro 
32-36 6. 6 282.0 17.5 19.0 626 1.13 0.097 1.0 23.2 24.8 10.8 5.3 4.1 30.9 21.5 0.0 0.0 
36-40 6.5 273.5 13.0 17.5 624 1.14 0. 110 1.0 22.4 26.8 10.8 5.4 3.9 29.8 21.5 0.0 0.0 
4C-44 6.5 239./ 6.5 19.0 662 1.08 0.104 1.0 22.0 26.6 11.3 5.5 3.7 30.0 21.4 0.0 0.0 
44-48 6.5 • 14.0 4.5 21.5 720 1.09 C.103 0.9 24.9 26.9 10.6 5.1 3.6 28.0 22.4 0.0 0.0 
43-52 ***** **** **** 752 1.09 0.115 0.9 23.1 26.6 11.2 5.4 3.8 29.0 21.6 0.0 0.0 
52-56 *** ***** **** **** 740 1.13 0.120 1.0 24.2 25.2 11.0 5.6 3.9 29.1 21.7 0.0 0.0 
56-60 *** ***** **** **** 720 1.20 0.127 1.0 24.1 26.3 10.9 5.1 3.8 28.9 22.0 0.0 0.0 
60—64 ***** **** **** 723 1.09 0.103 0.8 22.6 26.9 11.0 5.4 3.7 29.5 21.5 0.0 0.0 
64—6 3 ***** **** **** 750 1.05 0.099 0.8 24.3 26.2 10.7 5.2 3.4 29.3 22.2 0.0 0.0 
63-72 *** ***** **** **** 723 1.04 0. 109 0.9 24.4 26.4 10.2 5.0 3.2 29.9 22.6 0.0 0.0 
72-76 *** ***** **** **** 730 1.16 0.129 1.1 24.5 25.6 9.9 5.1 3.6 30.2 22.5 0.0 0.0 
TABLE 40. SOIL TEST DATA FOR HOLE 1, TIS AND T3N 
TIS T3N 
DEPTH PH AP AK IN DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) (IN) (PPM) (PPM) (PPM) 
C- 4 5.8 3.0 132.0 13.0 0- 4 5.9 16.5 172.0 11.5 
4- 3 5.7 10.5 145.5 12.5 4- 8 6.1 10.0 137.5 14.0 
8-12 6.2 5.0 49.0 18.0 8-12 6.7 4.5 47.5 11.5 
J. 2-16 6.5 4.0 27.0 18.5 12-16 6.8 4.5 33.5 12.0 
1&-20 6. 7 4.5 20.5 17.5 16-20 7.0 3.5 26.5 9.5 
2;-24 6.8 4.5 19.5 16.5 20-24 7.2 4.5 21.5 8.5 
24-28 6. S i). 0 21.5 17.0 24-28 7.2 3.5 23.5 5.5 
26-32 6.8 5.5 19.5 24.5 28-32 7.2 5.5 23.5 5.5 
:2-36 6.9 S». 5 22.5 15.0 32-36 7.3 5.5 18.0 5.0 
3 6— 4 0 7.1 5.5 19.5 9.0 36-40 7.4 5.5 19.0 4.5 
40—44 7.3 6.5 21.0 4.5 40—44 7.4 6.0 19.5 4.0 
44-43 7.3 6.5 25.0 5.0 44—48 7.3 7.5 22.0 6.5 
TABLE 41. SOIL TEST DATA FOR HOLE 2, TIS AND T3N 
TIS T3N 
DEPTH PH AP AK IN DEPTH PH AP AK IN 
{ IN) (PPM) (PPM) (PPM) (IN) (PPM) (PPM) (PPM) 
0- 4 6. 1 24.0 212. 0  11.5 0- 4 6.0 15.5 202.5 19.0 
4- 8 5.8 18.5 180.5 22.5 4- 8 6. 0 6.0 90.5 13.0 
8-12 6-4 6.5 51.0 20.0 8-12 6.4 4.0 43.0 14.0 
12-16 6.7 4.0 24. 0  16.5 12-16 6.6 4.0 27.5 15.0 
16-20 6.9 6. U  20. 0  10.5 16-20 6.9 4.0 23.5 13.0 
20-24 7.0 5.5 20. 0  9.5 20-24 7.0 5.0 22.0 11.0 
24-28 7.0 7.5 22.5 9.0 24-28 7.1 3.0 19.5 8.5 
28-32 7.0 8.5 23.0 9.5 28-32 7.2 3.5 21.5 6.5 
32-36 7.1 G . 5 21.D 8.5 32-36 7.3 5.0 22.0 8.0 
36-40 7. 2  d.5 22.5 6 « 0 36—40 7.3 4.5 21.5 9.5 
40—44 7.2 9 .  U  26.0 4.5 40—44 7.3 4.5 24.5 6.5 
44—48 7.2 9.5 24. 0  5.0 44—48 7.3 5.0 26.0 7.5 
TABLE 42. SOIL TEST DATA FOR HOLE 3, TIS AND T3N 
TIS T3N 
DEPTH PH AP AK IN DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) (IN) (PPM) (PPM) (PPM) 
0— 4 5.6 14.0 177.5 13.0 0- 4 6.1 9.0 236.0 10.0 
4— 8 5.5 12.5 100.5 29.5 4— 8 6.0 7.0 129.5 9.5 
8-12 6.1 5.0 36.0 22.0 8-12 6. 6 4.5 34.5 6.5 
12-16 6.6 5.0 23.5 14.0 12-16 6.8 4.0 28.5 5.5 
16-20 6.7 4.0 23.0 9.0 16-20 6.9 2.0 25.0 8.0 
20-24 6.8 5.0 21.0 6.5 20-24 7.0 4.0 24.0 8.0 
24-28 6.9 5.5 18.5 6.0 24-28 7.1 4.5 25.5 7.0 
28-32 6.9 6.0 19.0 7.5 28-32 7.2 5.5 21.5 6.0 
32-36 7.0 5.5 20.0 7.0 32-36 7.2 6.0 19.5 6.5 
36—40 7.0 6.5 18.5 9.0 36-40 7.2 6.5 21.0 5.0 
40—44 7.0 6.5 19.0 9.5 40—44 7.3 6.0 21.0 4.5 
44—48 7.2 t,.5 19.5 12.0 44—48 7.4 8.5 25.0 6.5 
TABLE 43. SOIL TEST DATA FUR HOLE 4, TIS AND T3N 
TIS T3N 
DEPTH PH AP AK IN DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) (IN) (PPM) (PPM) (PPM) 
0- 4 5.8 16.0 232.5 9.5 0- 4 5.7 16.5 201.0 8.5 
4— 8 5.4 24.0 173.0 15.0 4- 8 5.8 9.0 146.0 13.0 
8-12 5.9 6.0 58.5 12.5 8-12 6.2 3.5 61.5 8.0 
12-16 6.5 5.5 36.0 11.5 12-16 6.5 1.0 53.5 7.5 
16-20 6.6 5.5 33.0 11.5 16-20 6.8 1.5 39.0 7.5 
20-24 6.8 4.5 30.5 11.0 20-24 6.9 1.5 35.5 8.5 
24-28 6.9 4.5 26.0 8.0 24-28 7.0 1.5 29.5 8.0 
28-32 6.9 5.0 21.5 9.0 28-32 7.1 3.0 25.5 8.0 
32-36 7.0 5.5 21.0 9.5 32-36 7.1 3.5 26.5 4.5 
36-40 7.1 6.C 23.C 9.0 36-40 7.2 4.0 27.5 4.0 
40—44 7.1 7.5 21.0 6.5 40—44 7.2 5.0 22.5 4.0 
44-48 7.2 8.0 25.5 6.0 44-48 7.3 6.0 23.0 4.0 
TABLE 44. SOIL TEST DATA FOR HOLE 5, TIS AND T3M 
TIS T3N 
DEPTH PH AP AK IN DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) (IN) (PPM) (PPM) (PPM) 
0- 4 6.0 16.0 215.5 10.5 0- 4 6.0 14.5 265.0 8.5 
4— 8 6.0 8.5 133.5 7.0 4- 8 6.2 12.5 137.0 6.0 
8-12 6.1 3.5 58.5 7.5 8-12 6.2 8.0 62.5 4.5 
12-16 6.3 2.5 33.5 9.5 12-16 6.5 5.0 41.5 3.0 
16-20 6.3 2.0 27. 0  30.0 16-20 6.6 4.0 35.0 2.0 
20-24 6.4 2.5 25.5 32.0 20-24 6.7 3.5 30.5 3.5 
24-28 6»3 2.5 22.0 30.5 24-28 6.8 4.0 29.5 2.0 
28-32 6.8 4.5 25.0 23.5 28-32 6.7 4.5 25.0 4.5 
32-36 6.9 5.5 26.5 18.5 32-36 6.9 5.5 22.0 3.0 
36-40 6.9 6.0 24.5 13.0 36-40 6.8 5.5 24.5 7.5 
40-44 7.0 6.5 23.0 6 .  0  40—44 7.0 7.0 26.5 8.5 
44—48 7.1 7.0 26.5 6 . 0  44-48 7.0 7.5 25.0 6.5 
TABLE 45. SOIL TEST DATA FOR HOLE 6, TIS AND T3N 
TIS T3N 
DEPTH PH AP AK IN DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) (IN) (PPM) (PPM) (PPM) 
0- 4 6.3 11.0 212.5 10.0 0- 4 6.1 10.5 124.5 6.0 
4- 8 5.8 25.5 176.0 8.5 4- 8 6.2 5.0 44.5 7.5 
8-12 6.7 11.0 177.5 11.5 8-12 6.8 3.5 31.0 7.5 
12-16 6.8 3.5 29.5 7.0 12-16 6.8 4.0 25.5 4.5 
16-20 6.9 3.5 19.0 6.0 16-20 6.9 5.5 26.0 2.5 
20-24 6.9 3.0 16.5 6.5 20-24 7.0 5.0 23.5 2.5 
24-28 7.0 3.5 17.5 4.0 24-28 7.1 5.0 21.5 3.5 
28-32 7.3 4.5 18.0 6.0 28-32 7.2 6.5 20.5 4.0 
32-36 7.3 7.0 20.5 4.0 32-36 7.2 7.0 20.5 2.5 
36-40 7.4 8.5 24.5 8.5 36-40 7.2 8.0 22.5 3.5 
40-44 7.5 8.5 22.5 5.5 40-44 7.2 9.5 23.0 3.5 
44^48 7.3 8.0 25.0 6. 0 44-43 7.2 11.0 27.0 5.5 
TABLE 46. SOIL TEST DATA FOR HOLE 7, TIS AND T3N 
TIS T3N 
DEPTH PH AP AK IN DEPTH PH AP AK IN 
( IN) (PPM) (PPM) (PPM) (IN) (PPM) (PPM) (PPM) 
0- 4 6.2 12.5 66.0 7.5 0- 4 6.4 10.0 132.5 9.0 
4- 8 6.2 7.5 48.0 9.0 4- 8 6.4 8.0 45.0 5.5 
8-12 6.6 4.0 22.5 1.5 8-12 6.9 5.5 18.5 3.5 
12-16 6.8 4.0 23.5 1.0 12-16 7.1 6.0 17.5 5.5 
16-20 7.0 4.5 18.0 5.5 16-20 7. I 7.5 18.0 3.5 
20-24 7.0 4.5 17.0 3.5 20-24 7.1 8.0 21.0 2.0 
24-28 7.0 4.0 19.0 8.0 24-28 7.2 8.0 20.0 3.5 
28-32 7.2 4.5 17.5 8.5 28-32 7.2 12.0 20.5 4.5 
32-36 7.2 4.0 20.5 7.5 32-36 7.3 12.5 20.5 4.5 
36-40 7.4 8.5 21.5 5.5 36-40 7.2 14.5 21.5 5.0 
40—44 7.9 6.0 24.0 6.0 40—44 7.2 14.5 22.0 4.5 
44-48 8.3 2.5 29.5 5.5 44-48 7.2 12.5 25.5 4.5 
TABLE 47. SOIL TEST DATA FHR HOLE 8, TIS AND T3N 
TIS T3N 
DEPTH PH AP AK IN DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) (IN) (PPM) (PPM) (PPM) 
0- 4 6.5 4.0 74.5 4.5 0- 4 6.5 20.0 58.0 6.0 
4— 8 6.5 4.0 46.5 8.0 4— 8 6.3 11.0 21.0 5.5 
8-12 6.8 2.5 20.0 3.5 8-12 7.0 4.5 16.5 6.0 
12-16 7.0 2.0 16.0 3.5 12-16 V.l 5.0 16.0 3.5 
16-20 7.0 2.5 16.0 3.0 16-20 7.2 5.5 17.0 3.0 
20-24 7.3 3.5 16.0 3.5 20-24 7.2 7.5 18.5 2.5 
24-28 7.4 3.5 19.5 3.5 24-28 7.2 4.0 20.5 4.0 
28-32 7.9 2.0 22.0 3.0 28-32 7.2 6.5 23.0 3.0 
32-36 7.8 1.5 23.0 3«0 32-36 7.8 5.0 24.0 3.5 
36-40 8.0 1.0 24.5 2.5 36-40 8.3 3.0 23.0 2.5 
40—44 8.3 2.0 23.5 2.5 40—44 8.3 3.0 27.5 3.5 
44—48 8.4 2.5 26.0 3.5 44—48 8.3 3.0 28.5 2.0 
TABLE 48. SOIL TEST DATA FOR 
TIS 
DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) 
0— 4 6.4 5.5 145.5 15.0 
4- 8 6.7 2.0 30.5 3.5 
8-12 6.9 1.0 17.5 3.5 
12-16 7.0 2.5 15.0 2.5 
16-20 7. 0  2.5 15.5 3.0 
20-24 7.2 2.0 18.5 3.5 
24-28 7.9 2.0 19.5 4.0 
28-32 8.4 1.0 23.0 5.0 
32-36 8.4 1.5 24.0 3.0 
36—40 8.4 1.5 23.5 1.0 
40-44 8.3 1.0 21.5 2.5 
44-48 8.3 1.5 22.5 3.0 
9, TIS AND T3N 
T3N 
DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) 
0- 4 6.4 6.5 86.0 12.0 
4- 8 6.8 4.0 26.5 3.5 
8-12 7.1 6.0 15.5 4.0 
12-16 7.1 7.5 16.0 5.5 
16-20 8.0 4.5 17.5 3.0 
20-24 8.3 3.0 22.5 3.0 
24-28 8.3 3.0 23.0 3.5 
28-32 8.4 2.5 24.5 2.5 
32-36 8.5 3.0 27.5 3.0 
36—40 8.5 3.5 27.0 3.5 
40—44 8.5 3.0 26.0 2.5 
44-48 8.5 3.5 29.0 4.5 
TABLE 49. SOIL TEST DATA FOR HOLE 10, TIS AND T3N 
TIS T3N 
DEPTH PH AP AK IN DEPTH PH AP AK IN 
( IN) (PPM) (PPM) (PPM) (IN) (PPM) (PPM) (PPM) 
0- 4 6.7 3.5 60.0 4.5 0- 4 6.9 3.5 94.5 6.0 
4— 8 6.5 4.5 57.5 5.0 4- 8 6.7 3.0 57.0 4.5 
8-12 6.7 1.5 26.0 4.5 8-12 8.0 2.0 19.0 5.5 
12-16 6.9 1.0 20.5 4.0 12-16 8.2 1.0 21.5 3.5 
16-20 7.3 1.0 19.0 3.0 16-20 8.3 1.5 22.0 3.5 
20-24 7.0 1.5 22.0 3.5 20-24 8.3 1.5 21.0 3.0 
24-28 6.9 4.0 24.0 2.5 24-28 8.4 1.5 21.5 2.5 
28-32 8.3 0.5 27.0 3.5 28-32 8.4 1.0 20.5 3.0 
32-36 8.1 0.5 18.5 3.5 32-36 8.4 1.5 22.0 2.5 
36-40 8.1 0.5 18.0 3.0 36-40 8.5 1.5 22.5 3.5 
40—44 8.2 0.5 19.5 4.5 40—44 8.5 2.0 25.5 6.0 
44—48 8.2 1.0 19.0 3.0 44-48 8.4 1.5 26.0 6.0 
TABLE 50. SOIL TEST DATA FOR 
TIS 
DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) 
0— 4 6.8 6.0 60.5 5.5 
4- 8 6.3 4.0 61.5 8.0 
8-12 7.0 2.0 21.0 5.0 
12-16 6.8 2.0 17.5 4.0 
16-20 6.3 2.0 18.0 3.0 
20-24 7.0 5.0 14.0 3.0 
24-28 7.2 5.5 17.0 3.0 
28-32 7.9 1.5 18.0 4.5 
32-36 8.0 1.0 19.5 3.0 
36-40 8.1 1.0 20.5 3.0 
40—44 8.2 1.0 24.0 4.0 
44-48 8.3 1.0 23.0 3.0 
11, TIS AND T3N 
T3N 
DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) 
0- 4 6.0 5.0 126.5 28.0 
4- 8 6.2 3.5 46.0 11.5 
8-12 6.7 2.5 28.0 6.0 
12-16 6.9 2.5 25.0 5.5 
16-20 7.0 2.5 19.5 6.0 
20-24 a. 1 2.5 20.0 4.5 
24-28 8.3 1.5 22.5 4.5 
28-32 8.4 1.5 26.5 4.5 
32-36 8.4 2.0 24.5 3.5 
36-40 8.4 1.5 27.0 4.0 
40-44 8.4 1.5 24.5 4.5 
44-48 8.4 1.5 23.0 5.5 
TABLE 51. SOIL TEST DATA FOR 
TIS 
DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) 
0- 4 6.4 9.0 91.5 6.5 
4- 8 6.1 5.5 63.0 15.0 
8-12 6.6 2.5 40.0 9.5 
12-16 6.4 2.0 32.0 4.0 
16-20 6.7 2.0 30.5 5.5 
20-24 6.7 1.5 29.5 16.5 
24-28 6.8 1.5 27.5 8.0 
28-32 6.9 2.5 23.5 3.5 
32-36 7.2 3.5 20.0 3.5 
36-40 7.2 5.5 19.0 3.5 
40-44 7.6 7.5 19.5 3.0 
44-48 7.8 1.0 21.0 3.5 
12, TIS AND T3N 
T3N 
DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) 
0- 4 6.6 5.0 95.0 5.5 
4- 8 6.0 5.5 57.0 10.0 
8-12 6.8 2.5 29.5 7.0 
12-16 6.9 2.5 21.0 4.5 
16-20 7.0 2.0 23.0 9.5 
20-24 7.2 2.0 21.5 3.0 
24-28 8.3 1.5 21.0 10.5 
28-32 8.3 1.0 20.0 5.5 
32-36 8.5 1.0 23.5 5.5 
36-40 8.5 1.5 23.0 5.0 
40—44 8.4 1.5 21.5 7.0 
44—48 8.4 1.5 20.5 3.5 
TABLE 52. SOIL TEST DATA FOR 
TIS 
DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) 
0- 4 6.0 11.0 175.5 29.0 
4- 8 6.1 9.0 135.5 13.5 
8-12 6.3 4.0 61.5 8.0 
12-16 6.6 2.5 40.5 6.5 
16-20 6„9 3.0 37.0 5.0 
20-24 7.0 3.5 39.0 4.0 
24-28 6.9 4.0 42.5 24.0 
28-32 7«0 4.0 35.0 9.0 
32-36 7,0 4.5 30.5 8.0 
36-40 7,0 5.0 29.5 3.0 
40—44 7.0 5.5 24.0 6.5 
44—48 7.0 5.5 26.0 7.0 
13, TIS AND T3N 
T3N 
DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) 
0- 4 6.4 4.5 63.0 9.5 
4— 8 6.4 3.5 37.0 10.0 
8-12 7.2 2.0 22.0 10.5 
12-16 7.2 1.5 21.0 5.5 
16-20 7.2 2.0 19.5 5.5 
20-24 8.0 2.0 18.5 4.5 
24-28 8.3 1.5 20.0 8.5 
28-32 8.3 1.5 21.0 6.5 
32-36 8.4 2.0 22.5 7.5 
36—40 8.3 2.0 21.0 5.0 
40—44 8.3 1.5 21.0 5.0 
44—48 8.3 1.5 19.5 4.5 
TABLE 53. SOIL TEST DATA FOR HOLE 14, TIS AND T3N 
TIS T3N 
DEPTH PH AP AK IN DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) (IN) (PPM) (PPM) (PPM) 
0— 4 6.3 9.5 241.0 9.0 0- 4 6.2 7.0 109.5 11.5 
4- 8 6.2 5.5 74.5 6.0 4- 8 6.2 5.0 72.0 12.5 
8-12 6.6 3.0 40.5 5.0 8-12 6.6 4.0 37.5 9.0 
12-16 6.7 2.5 41.5 5.0 12-16 7.0 3.5 28.5 9.0 
16-20 6.7 2.5 49.5 4.0 16-20 7.1 4.0 25.5 4.5 
20-24 6.7 2.5 41.0 3.5 20-24 7.1 3.0 29.5 3.5 
24-28 6.6 3.5 42.5 6.0 24-28 7.2 4.0 23.5 5.5 
28-32 6.4 5.0 44.5 5.0 28-32 7.1 4.0 22.0 5.0 
32-36 6.5 6.5 37.5 6.0 32-36 7.0 4.0 20.5 5.5 
36-40 6. 6 7.5 37.0 3.5 36-40 6.2 3.5 21.5 5.5 
40—44 6.8 9.0 38.0 4.5 40—44 8.2 1.5 21.0 3.5 
44-48 6.8 10.0 40.0 3.0 44-48 a.3 1.0 22.0 2.0 
TABLE 54. SOIL TEST DATA FOR 
TIS 
DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) 
0— 4 6.1 22.0 268.0 5.5 
4- 8 6.1 17.0 152.0 3.5 
8-12 6.2 13.0 107.0 5.0 
12-16 6.4 5.5 102.0 3.0 
16-20 6.5 4.0 79.5 4.5 
20-24 6.7 5.5 59.5 3.0 
24-28 6.8 8.0 58.0 5.0 
28-32 6.9 8.0 67.0 4.5 
32-36 6.9 10.0 73.0 4.0 
36-40 6.8 13.0 67.5 3.0 
40—44 6.9 13.5 56.5 4.0 
44-48 6.9 13.0 50.5 5.0 
HOLE 15, TIS AND T3N 
T3N 
DEPTH PH AP AK IN 
(IN) (PPM) (PPM) (PPM) 
0— 4 6.0 5.5 96.5 13.5 
4- 8 6.2 5.0 82.5 9.5 
8-12 6.8 5.0 33.5 3.0 
12-16 6.9 5.5 31.0 3.5 
16-20 6.9 5.0 33.0 5.0 
20-24 6.9 5.0 36.5 7.5 
24-28 6.9 5.0 37.5 6.0 
28-32 6.8 5.5 34.0 6.0 
32-36 6.8 6.0 32.0 6.0 
36-40 6.9 7.0 30.0 5.0 
40—44 7.0 7.5 30.0 8.0 
44—48 7.0 7.5 30.0 7.0 
TABLE 55. SOIL TEST DATA FOR HOLE 16, TIS AND T3N 
TIS T3N 
DEPTH PH AP AK IN DEPTH PH AP AK IN 
( I N )  (PPM) (PPM) (PPM) (IN) (PPM) (PPM) (PPM) 
0- 4 6.5 22.5 302.0 8.5 0- 4 6.3 16.5 241.0 5.5 
4- 8 6*4 26.5 274.0 7.0 4- 8 6.3 24.5 350.0 11.5 
8-12 6.3 12.5 137.0 8.5 8-12 6.5 16.0 177.0 8.0 
12-16 7.2 5.0 77.5 4.0 • 12-16 6.8 9.5 i06.5 4.0 
16-20 7.3 5.0 69.0 5.5 16-20 6.5 7.5 86.0 6.0 
20-24 7.2 5.0 64.0 3.5 20-24 6.2 6.5 69.5 5.0 
24-28 7.2 6.0 72.0 5.5 24-28 6.3 5.5 69.5 7.0 
28-32 7.1 7.5 72.0 4.5 28-32 6.4 6.0 60.0 5.0 
32-36 7.0 7.5 76.5 6.0 32-36 6.5 7.5 55.5 5.0 
36-40 7.0 7.5 72.0 2.0 36—40 6.6 8.5 53.0 5.5 
40—44 6.9 12.0 66. 0 4.5 40—44 6.7 10.5 47.5 4.0 
44-48 6.9 10.5 51.0 7.0 44-48 6.7 12.5 45.5 13.5 
